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FOREWORD 


Major attention has been focused on pressures for and various initiatives 
advanced for regulatory reform in the United States. The case for regulatory 
reform rests on the perception held by many that economic performance, techno- 
logical innovation, market structure, international competitiveness, and other 
economic and social factors are being negatively influenced by excessive or 
misdirected governmental regulatory activities. 


The Reagan Administration has proposed a vigorous program of regulatory relief, 
overseen by a Presidential Task Force headed by Vice President Bush. Parts of 
the program are being implemented by the Office of Management and Budget (OMB) 
pursuant to Executive Order 12291 ("Federal Regulation") of February 17, 1981 
and other directives such as the Paperwork Reduction Act. 


Executive Order 12291 calls upon Executive Branch agencies to prepare 
regulatory impact analyses of proposed federal regulations as well as of 
existing regulations to assure that cost-effective approaches are utilized in 
attaining regulatory objectives. At OMB's request, the Advanced Technologies 
and Resources Policy Group* of the National Science Foundation has undertaken 
a program of studies on Environmental Regulation under my direction. 


The first major component of this NSF program was a workshop, which was held 
September 10-11, 1981 in Washington, D.C. Participants included government 
officials, researchers, and representatives of industry and environmental 
organizations. Five research papers were originally commissioned, prepared, 
formally reviewed, revised, and then presented and discussed at the workshop. 
This volume contains three of the workshop papers, a summary of the workshop 
by its moderator, selected quotations from the edited proceedings of the 
workshop, and a list of participants. A companion volume (PRA Report 83-9) 
contains the edited verbatim proceedings of the workshop. 


<a “gf <c 


Richard E. Morrison 
Senior Policy Analyst 
Advanced Technologies and 
Resources Policy Group 


* At the time of the request the name of the Group was the Environment, 
Energy, and Resources Group, and all textual references to the Group are 
to its original name. The Group was renamed the Advanced Technologies 


and Resources Policy Group effective January 10, 1983. 


Je 
BEST COPY AVAILABLE 


NATIONAL SCIENCE FOUNDATION 
WASHINGTON, D.C. 20550 


PREFACE 


The Advanced Technologies and Resources Policy Group of the National Science 
Foundation's Division of Policy Research and Analysis has conducted a series of 
workshops in response to interest expressed by the Executive Office of the 
President. These workshops have assessed Federal policy options relating to 
selected environment, energy, natural resource, and information technology 
issues. 


Each workshop was structured to allow intensive discussion of an identified set 
of issues that impact Federal policies and programs. Initially, three to five 
papers were commissioned for each workshop from experts with a variety of 
backgrounds, experience, and constituencies. First draft papers were revised 
in light of reviews by other experts and interested parties from government, 
private industry, environmental, labor, and consumer organizations, research 
groups, and the academic commnity. The revised papers and reviewers’ comments 
were then aired at a workshop attended by the authors, reviewers, and a variety 
of Federal policymakers. Areas of agreement and disagreement were i] ]luminated 
and sharpened by the discussants. Finally, the papers were further revised for 
publication based on workshop discussions. 


This document, prepared by Nationai Science Foundation staff, contains three of 
the papers and a summary of a workshop on Effects of Environmental Regulation on 
Industrial Compliance Costs and Technological Innovation. 


poh 


rank L. Huband 
Group Leader 
Gn Technologies and 
Resources Policy Group 
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IT. SUMMARY 


Richard N.L. Andrews* 


Purpose of the Workshop 


The purpose of the workshop was to consider the effects of environmental 
regulation on industrial compliance costs, and on technological innovation. 


The U.S. Office of Management and Budget (OMB) has authority to oversee all 
major regulatory activity of the Federal Government under Executive Order 
12291 ("Federal Regulation"), issued February 17, 1981. This Executive 
Order calls on Executive Branch agencies to prepare regulatory impact analy- 
ses of proposed Federal regulations as well as of existing regulations, to 
assure that cost-effective approaches are used. It also authorizes OMB to 
set up a control system. This workshop aimed to help OMB and the agencies 
with these tasks, by bringing together and evaluating the existing methods 

of estimating costs, identifying what needs to be known, and exploring re- 
lated issues that must be addressed in designing such a central control system. 


The case for regulatory reform is based on the view held by many that some 
Federal Government regulations impose unnecessary or undesirable costs on 
the American economy, and that they reduce efficiency and equity. Many also 
believe that economic performance, technological innovation, market struc- 
ture, international competitiveness, and other economic and social factors 
are negatively influenced by excessive, misdirected, or inconsistent 
governmental regulations. 


The Administration is pursuing a program of regulatory relief, overseen by a 
Presidential Task Force headed by Vice President Bush, and implemented by 

OMB under Executive Order 12291 and other directives, such as the Paperwork 
Reduction Act. 


Although there is a pressing demand to measure the costs and benefits of 
regulation, there is an equally pressing need to address the many uncertain- 
ties and problems involved in the development and implementation of regulations. 


*Professor of Environmental Sciences and Engineering, and 
Director, Institute for Environmental Studies, University of 
North Carolina. 
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The Bottom Line: More Questions Than Answers 


The workshop papers and discussion described and evaluated available tech- 
niques for measuring the cost of environmental regulation, and considered 
whether they overestimate or underestimate costs. However, the upshot of 
the workshop was that many questions remain unanswered, and many key deci- 
sions need to be made. 


Workshop participants agreed that there are gaps in data and a lack of ac- 
ceptable methodology to provide valid cost estimates for individual regula- 
tions, industrial sectors, or the economy as a whole. They concluded that 
estimation of the cost of environmental regulation is still in the experi- 
mental stage, as is the estimation of benefits. 


The workshop discussions spanned a wide range of issues, including not only 
the specific question of how to measure costs of regulation, but also an 
explanation of the assumptions and larger questions that OMB needs to address 
before the estimators can do their work. 


This summary reports on assumptions and decisions that need to be clarified 
in order for OMB to focus the cost estimation task more clearly. It then 
covers four areas that were central to the workshop discussions: 


1. Can existing methods provide reliable estimates of the costs 
of particular regulations? 


# Do these methods tend to overestimate or underestimate 
regulatory costs? 


3. Can the aggregate costs of Government regulation be managed? 


4. What are the implications for those charged with implementing 
a central regulatory control system? 


Need to Focus the Task More Clearly 


Several decisions should be made in order to design a cost estimation system. 
Technical experts need more information about these three questions in order 
to proceed with methods for cost estimation. 


Which Kinds of Regulations Should Be Considered? Environmental regulations 
differ in approach and in the object of the control, and they impose dif- 
ferent kinds of costs. For example, a procedural regulation imposes primar- 
ily administrative overhead costs; a treatment technology requirement imposes 
primarily capital and operating costs; and an effluent quality standard or 
factor price surcharge simply imposes a new constraint on process engineer- 
ing and managerial strategies, the actual cost of which may vary widely de- 
pending on what adjustments are made (and there may be a net benefit). In 
developing cost estimate methodology, it is important to distinguish among 
different types of regulations and their effects. 
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Should We Measure Private Costs or Social Costs? Most reporting of the 
“costs of regulation" has adopted the viewpoint of the regulated industry-- 
measuring the costs of pollution control to the domestic auto or steel in- 
dustry, or of bottle recycling laws to the beverage industry, or of li- 
censing requirements to the electric utility industry. These costs are real 
to the firms in question, and in some cases they may also be unprofitable, 
ineffective, or unfair. Taken alone, however, these costs are not neces- 
sarily costs to the national economy or to American society as a whole, 
which are the primary concern of Government decisions. Several factors 
distinguish private costs from social costs: 


) First, the costs to particular producers may or may not pro- 
vide useful information about costs to consumers, workers, 
investors, or even to an industry as a whole. 


Oo Second, they ignore transfer payments--such as costs to oie 
firm of buying pollution control equipment from another-- 
which from an overall point of view may leave the economy 
just as efficient as it was, or more so. 


Oo Third, they ignore the costs of previous externalities, such 
as the costs of pollution to the victims, which may be reduced 
by the firm's expenditures for pollution control. 


In short, some regulations impose costs on specific polluters that are also 
net costs to the overall economy and society, but one cannot make such claims 
irom analysis of industrial compliance costs alone, nor can we derive social 
costs by simply adding up all the costs claimed by all the regulated firms. 


What Are the Purpose and Focus of the Cost Estimates? The issues involved 
in compliance cost estimation may vary substantially depending on whether 
the purpose of the analysis is 


1. A review of an existing regulation, 
2. A projoction of the impact of a proposed regulation, 


3. A review of the effect of multiple regulations on a particular 
firm or industry, or 


4. A review of the effects of regulations in general (or even of 
environmental or health and safety regulations in general) on 
the overall economy. 


Most regulatory analyses so far have measured the effects of a proposed regu- 
lation. The Vice President's Task Force on regulatory relief has focused on 
reviewing existing regulations. Current proposals for “regulatory budgets" 
appear to fall into either the third or fourth category, though it is not 
yet clear which. 


It was frequently unclear during the workshops, and perhaps is unclear 
generally, which of these four purposes OMB intends to pursue. If OMB ¢ 
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identifies the likely approsch, then its associated methods and problems can 
be addressed. 


Can Existing Methods Provide Reliable Estimates cf the [adustrial Compliance 
Costs of Particular Regu! «tions? 


The two main methods in use today to measure the cost of a regulatory re- 
quirement are engineeri::g cost estimatior and use of a "modei plant" to rep- 
resent common practice in a particular iadustyy or subindustry. Two alter- 
native methods--engin’ ering process models aud econometric models--have been 
suggested, but they !.ave not yet been widely tested for this purpose, they 
can be costly, and they require a great deai of data. 


Another method used more recently is the ad hoc review of the most easily 
measured costs of regulations that are ccnsiderel particularly costly; this 
method is less systematic and comp’ete than the others, but it can be an in- 
expensive and guick way to address press.ng problems. 


Existing Methods Raise Technical Problems. All of the existing methods raise 
questions and problems. Cost estimation methods and assumptions vary sub- 
stantially among agencies and industries. Many of these variations are le- 
gitimately related to differences in factual circumstances or in purpose of 
the analysis. 


Definition of Costs. Studies vary in their definitions of costs. The cate- 
gories of costs can include dfrect administrative, capital, and operating 

costs or can expand to include opportunity costs and changes in management 
decision and investment patterns, which are harder to measure. Studies also 
vary in whether they consider incidence of costs to regulated producers, to 
consumers, or to the economy as a whole (a measure of net efficiency). 


Assumptions Vary. Other technica] problems include variations in assumptions, 
and the difficulty of predicting key economic changes. Different cost esti- 
mation methods and cost indicators are used in different industries and for 
different purposes. There is no single "correct" method for all purposes. 


Also, different firms, industries, and agencies use substantially different 
assumptions for key variables such as interest rates, time horizons, depreci- 
ation periods, inflation, competitor dehavior, price elasticity of demand, 
and cost of factor inputs. Regulatory cost comparisons may not be possible 
without standardizing some of these assumptions. 


furthermore, it is difficuit to predict future stability or change in regu- 
latory requirements and in vigor of enforcement, although these are impor- 
tant factors in estimating actual compliance costs. Technological innova- 
tion is also difficult to predict, and conventional assumptions may under- 
estimate such changes and thus overestimate future costs. 


Attribution of Costs. Many costs are difficult to attribute to a particular 
regulation, especially when there are multipie regulations on the same and 
related subjects by several agencies and levels of Government, and when com- 
pliance costs are influenced by the industry's own actions to increase 
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profits, market share, or favorable image. In principle, the best responses 
to regulations are those whose costs are so well integrated with the firm's 
other opportunities and constraints that they are fully joint costs. (This 
also suggests that any contrel system which encourages separable accounting 
of compliance costs may tend to encourage the worst rather than the best 
responses.) In particular, costs of process changes are far more difficult 
to attribute to regulations than are end-of-pipe add-ons. Certain adminis- 
trative overhead expenses, such as an enlarged legal department, may be re- 
quired by regulation in general but not by any particular regulation. 


For similar reasons, it is hard to establish a baseiine against which to 
assess the effec. of a regulation, since such a baseline requires difficult 
assumptions about what would happen in the absence of the regulation. It is 
also difficult (but important) to determine what costs are due to regulation 
per se, and which are due to regulatory instability--for instance, when new 
and unexpected requirements are added after investments have already been 
made to comply with previous ones, or when regulatory requirements are re- 
moved after some firms have sunk control costs into compliance. Furthermore, 
some costs can be attributed not to a particular regulation but to overlaps, 
inconsistencies, or redundancies among regulations. 


Reliability of Data. Most available data on compliance costs come either 

from voluntary submissions by the regulated industries, or from estimates 

developed by the regulatory agencies. Both sources are open to charges of 
self interest, with industry tending to attribute as many costs as possible 
to the regulation, and agencies treating~compliance costs as the residual 

after all possible attributions have been made to other factors. 


Both industries ari agencies tend to ignore--or to make widely divergent 
assumptions about--cost elements that are widely dispersed cr otherwise dif- 
ficult to measure, such as effects on technological innovation, capital 
investment, and inflation. 


Voluntary submissions may be more apt to come from those firms that feel 
most burdened by compliance costs, and thus be unrepresentative of the in- 
dustry as a whole. 


"Model plant" analyses may also produce unreliable estimates, either because 
they are skewed towards "best" or "worst" cases, or because they are unable 
to represent industries with several different processes or with capital 
facilities of very different ages and efficiencies. 


There is now no system of checking cost estmates made after a regulation has 
been in effect (ex post estimates) against predictions of costs made before 
the fact (ex ante estimates). Such a comparison would probably be a useful 
and important element of a control system. 


Comparability. Comparability of data and assumptions could be a serious 
problem, if OMB tries to set up a comprehensive system of oversight over 
individual reguiatory proposals. A systematic method for comparing regula- 
tory compliance costs of alternative policies could prove difficult and ex- 
pensive, and the expected bene‘its might not justify the increased costs. 
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Ad hoc analysis of particularly burdensome regulations, or of clusters of 
regulations affecting a particular industry or process, might prove more 
effective. 


Aggregation is another problem that could arise if one wishes to define and 
regulate an overall level of regulatory cost. It too could be avoided if 
one wishes only to correct ad hoc problems. 


It may prove difficult to aggregate from individual regulatory compliance 
costs to estimates of regulatory burden in general. This is true partly 
because of the problems of cost estimation for individual regulations, but 
also because of the broader problems of joint costs and transfer payments 
whose benefits to other firms partially offset their costs to the regulated 
firms. If a central control system for aggregate regulatory costs is de- 
sired, therefore, it may have to be based more directly on indicators of 
aggregate activity--if such can be identified and validated--than on aggrega- 
tion of cost estimates of individual regulations. 


Costs of Analysis. Regulatory analysis itself, especially as a general sys- 
tem, imposes compliance costs--record keeping, data collection, analysis, 
negotiation among agencies and between agencies and industries, and opportu- 
nity costs of prolonged uncertainty about expected outcomes. Careful thought 
will be necessary as to how detailed an analysis is appropriate to various 
types of decisions, especially at the level of individual regulatory decisions. 


In any event, the designers of the emerging central regulatory control system 
will soon need to choose which goals the system will pursue, so that effort 
can be targeted toward solving the problems associated with those goals. 


Do Existing Methods Underestimate or Overestimate Compliance Costs? 


Costs to Regulated Industry. Regulations not only impose immediate and meas- 
urable costs, but also deflect patterns of business decisionmaking. Such 
deflections are not necessarily costly, but they may be, and they are diffi- 
cult to quantify and attribute to regulation amid the other forces in the 
business environment. Factors that would cause existing methods to under- 
estimate costs of regulations to the regulated industry include these: 


0 Costs of bureaucratic overhead such as enlarged legal, 
research, and safety departments. 


) Costs of lengthened decision processes and heightened 
uncertainty, in a climate of increased negotiation, potential 
litigation, and regulatory change. 


) Costs of defensive planning, such as premature investments in 
control technology or other suboptimal investments tc comply 
with regulatory deadlines. 


0 Costs of diversion of resources, both human and capital, from 


implementation to documentation, and from product innovation 
to control innovation. 
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Costs of reduction in technological modernization when new 
plants must meet tighter standards than old ones. 


Costs of price inflation, as regulated firms bid up prices of 
control technologies. 


On the other hand, engineering cost estimation methods and the self-interest 
of regulated firms will tend to exaggerate the costs that regulations impose. 
Reasons for overestimation include these: 


0 


Some costs are joint costs of multiple regulations, or of reg- 
ulations in general, only a fraction of which are due to any 
one regulation; they may be double counted in some estimates. 


Some costs are imposed not by a regulation itself but by the 
firms's choice of compliance strategy, which interacts with 
its pricing, marketing, and other corporate preferences. 
American auto firms, for instance, chose to invest in dif- 
ferent control technology than Swedish firms. The resulting 
costs may be greater than should be attributed to the regu- 
lation per se. 


Ex ante cost estimates consistently overestimate compliance 
costs by ignoring future process changes and technological 
innovations. Ex ante estimates usually treat compliance 
costs as pure add-ons, such as end-of-pipe water treatment 
plants or stack gas scrubbers. (Some regulations, of course, 
require use of particular technologies, but many do not.) 
Once compliance begins, however, firms will usually adjust 
inputs and processes, and find other ways of reducing their 
costs. Moreover, a new regulatory constraint can sonetimes 
stimulate a company to evaluate a whole production process, 
and lead to unforeseen net benefits. Other firms, if they 
know that regulation will require their competitors to clean 
up as well, will invest more heavily in control technology 
innovation end discover new methods of less costly and more 
efficieat environmental control; recent examples include flu- 
idized bed combustion, high-temperature incineration, and 
pulp and paper chemical recovery. 


Costs to Society. Regulations also impose hidden costs on society as a 


whole, which are difficult to quantify and attribute, and extend beyond cost 
increases for regulated firms. Factors that lead to underestimation of costs 
by existing methods include these: 


oO 


Costs of overinvestment in control techno!ogy relative to its 
actual benefits, reflected in higher prices and higher inter- 
est rates due to diversion of capital investments, and in the 
opportunity costs of alternative uses of those resources. 


Costs of regulatory friction--such as paperwork, negotiation, 
uncertainty, and litigation--that exert a drag on a wide range 
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of economic and social activities, especially on small busi- 
ness and entrepreneuria] and innovative activ.ties. 


However, most estimates of regulatory costs greatly exaggerate their costs 
to society by focusing narrowly on costs to the regulated industry and ex- 
trapolating from these, ignoring offsetting benefits. Factors leading to 
overestimation of costs to society include these: 


Oo Many costs to regulated firms--perhaps even most of them, in 
some Cases--are simply transfer payments to other sectors of 
the economy, such as pollution control equipment manufactur- 
ers, not net costs in the economy; they may even be stimula- 
ting the growth of new and more productive sectors even as 
they hasten the decline of older and less productive ones. 


Oo Many costs to regulated firms and their customers are also 
offset by gains to the economy from the costs thereby reduced 
to the victims of pollution and the taxpayers--costs such as 
health care, property damage and associated losses in property 
taxes, and lost productivity. That is, to the extent that 
environmental regulations are effective, their apparent costs 
may in fact represent merely correction of previous economic 
inefficiencies--externalities--rather than real new costs to 
the economy. 


In conclusion, there is great disagreement among informed analysts on wheth- 
er existing estimation methods overestimate or underestimate compliance costs 
to the regulated industry and to society. Many factors lead to overestima- 
tion or underestimation (listed above) and they are difficult to measvre, 
pervasive, and hard to attribute explicitly to particular regulatory decisions. 


It is possible that no satisfactory estimates can be developed for the over- 
all costs of regulatory compliance, because they are beset by so many uncer- 
tainties. Yet, some costs can be estimated, and some uncertainties can be 
reduced, and therefore some regulatory decisions can be improved through ju- 
dicious analysis and control. 


Can the Aggregate Costs of Government Regulation Be Managed through a 
Regulatory Budget? 


Regulatory reform advocates have suggested a "regulatory budget" by which 
OMB could set annual limits (as it does with the fiscal budget) on the amount 
of costs each regulatory agency would be allowed to impose by its regulations. 
Proponents of such a system argue that (1) Federal regulatory activities do 
impose aggregate costs which should be controlled, (2) as with fiscal budg- 
eting, an overall constraint would force the agencies to set priorities and 
increase the cost-effectiveness of the regulations they impose, (3) regula- 
tions may also impose differential hardships on particular industries or 
regions, which deserve the attention of a central control system, and (4) a 
regulatory budgeting approach might require less detailed analysis and inter- 
vention by a central control system than would the case-by-case oversight of 
individual regulations. 
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As a practical matter, however, neither the concept of a regulatory budget 
nor measurable indicators of it have yet been demonstrated and validated. 


It is not clear how many of Government's regulatory functions would be en- 
compassed by the proposed regulatory budget, but each of the possible answers 
poses problems. Government regulatory activities are so pervasively inter- 
twined with society's system of rights and exchanges, that it would be hard 
to isolate and establish individual costs for them. 


Another problem is that although the analogy of a "regulatory budget" to the 
Federal fiscal budget might be attractive to some advocates of the plan, it 
does not seem valid. One major difference is the absence in the regulatory 
budget of any means of positive verification of expenditures: as one dis- 
cussant put it, there are no canceled checks at the end of the year to faci]- 
itate an audit. Further, while fiscal costs are incurred solely by Govern- 
ment action, regulatory costs are incurred by nongovernment parties alleging 
that they are required by Government. Since the nongovernment actors control 
the response, and thus to a significant degree its costliness, the cost data 
are beyond clear Government control, and are subject to strategic behavior 
and exaggerated claims by parties wishing to minimize or thwart Government 
action. In short, a fiscal budget has a single client and tangible, audi- 
table flows of money; a regulatory budget has neither. 


Setting the level of a budget for annual environmental regulation costs would 
be a legislative function, just as fiscal budget levels are set by Congres- 
sional appropriations. Even here the fiscal analogy must be used cautiously, 
however, for even if Congress did set regulatory budget levels they might be 
invalidated where they conflicted with statutory requirements. 


One purpose that has been advanced is that a regulatory budget would enhance 
overall economic efficiency. It is not clear that regulatory budgeting would 
necessarily produce greater efficiency even if it were fully established. 
Fiscal budgeting is heavily influenced by political factors within the agen- 
cies and in the Congress, and this could happen with regulatory budgeting as 
well; besides, any new documentation system compounds the administrative in- 
efficiencies of documentation and justification as well. 


Furthermore, if the regulations affect only the profitability of the regu- 
lated industry, and not the efficiency of the economy as a whole, then one 
has only a special pleading rather than a general justification for 
regulatory budgeting. 


If one seeks to develop the regulatory budget by aggregating information 

about individual regulations, one must deal with all the problems of micro- 
level cost/benefit analysis, such as attribution of joint costs, transfer 

payments, unreliability of data, difficulty of establishing baselines, and 
problems associated with aggregation itself. 


Some analysts have suggested that regulatory budgeting might be effective by 
forcing an annual regulatory review process, even if it proved intractable 
as a substantive amalytical or control procedure. This could be true, but 
it would not be a regulatory budget in any conventional meaning of a budget; 
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it would be simply an administrative arrangement in which regulatory deci- 
sionmaking authority was somehow shared bettween each operating agency and 
OMB. Such an arrangement would be justified only if it were kept politi- 
cally accountable within the intent of the agencies’ statutory mandates, and 
if it provided benefits greater than the increased transaction costs associ- 
ated with negotiation and shared authority. 


It is not clear, as a practical matter, that the overall level of regulatory 
compliance costs is really the issue that concerns most of the American pub- 
lic or even the regulated industries themselves. The overall level is a use- 
ful symbol for organizing diverse constituencies to press for regulatory re- 
form, but specific regulations really motivate each constituency. For some 
constituencies, such as primary extraction and processing industries, it is 
pollution control and occupational safety rules; for others, such as the con- 
struction and fabrication industries, it is perhaps occupational safety and 
labor and affirmative action regulations; for universities, it is affirma- 
tive action, women's athletics, barrier-free access, and faculty time ac- 
counting requirements (the latter imposed by OMB itself). Most constitu- 
encies probably gain from and approve of many regulations even though they 
feel burdened by others. Perhaps the only issues on which all agree are the 
desire to slow the rate of regulatory change, and to eliminate, on an ad hoc 
basis, regulatory inconsistencies, redundancies, and absurdities. 


OMB control of the overall level of regulation will not provide direct solu- 
tions to these more specific complaints, and indeed it might simply divert 
effort away from them toward the creation of a new budgeting system. This 
would be unfortunate. 


What Lessons Does This Discussion Offer for the Design of a Central 
Control System? 


Everyone agrees that some environmental regulations are poorly designed and 
could benefit from cost-reducing changes. It is less generally agreed what 
changes in which regulations would be desired, and not at all agreed that 
the overall level of regulation is an important problem. Most of the dis- 
cussants were sympathetic to the need to ameliorate some of the compliance 
costs imposed by environmental regulations, but they remain quite skeptical 
of current proposals for comprehensive central regulatory control systems. 
This skepticism applies to "cookbooks," or detailed procedures for compara- 
tive cost/benefit analysis of individual regulations, and to the notion of a 
regulatory budget. 


OMB seems to feel that the mandate to implement such a system is now a given, 
and that it must therefore get started on something, and in some direction, 
though it does not yet have a clear rationale for what exactly is required. 
Ironically, in this mandate OMB is itself becoming a regulatory agency, regu- 
lating the other regulators; and in its impulse to do something without 
knowing quite what, it is flirting with exactly the mentality of a new regu- 
latory agency that has created many of our current problems of regulatory 
compliance costs. It behooves OMB, therefore, to move cautiously in devel- 
oping case-by-case understanding of the problems, analytical procedures and 
methods, and possible solutions before mandating a new full-blown system, 
lest it simply reinvent existing problems at a higher level of review. 
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Past experience suggests that while good analyses can improve Government de- 
cisions, most new analytical systems that have been mandated have failed to 
achieve their intended purposes; and in the process they have added new lay- 
ers of bureaucracy, paperwork, and administrative inefficiency. Benefit/cost 
analysis of water projects, for example, has given birth to a sizable eco- 
nomic literature and has undoubtedly stopped the construction of some egre- 
giously poor projects, but the bulk of the water development continues, with 
the simple addition of new layers of paperwork justifications. 


The same is true of Management By Objectives (MBO) in the 1970s, and of at- 
tempts to create comprehensive information systems generally, most of which 
have failed and wasted resources. Probably the only new major Government- 
wide analytical system that has stabilized and survived is the preparation 
of environmental impact statements (EISs), and this one has survived not 

because it produces good analysis (though it sometimes does, it often does 
not), but because it opens new avenues for influence on decisions by affec- 
ted parties, through public involvement procedures and judicial review. 


On the other hand, good analyses of particular proposals can often help to 
stop egregiously bad proposals and to encourage vuusually promising ones. 


OMB does have at least three promising roles open to it in regulatory reform, 
roles which it has played in the past and which could aid substantially in 
current regulatory issues. First, it can serve as an advocate for efficiency, 
by working to improve both the administrative efficiency of U.S. Government 
operations, and the social efficiency of its programs. This role is strongly 
consistent with the professional ideals of OMB staff, although it is not 
always consistent with the Agency's practical political reality a» confiden- 
tial staff to the President. Much could be done to improve regulation if 
OMB were simply to work case by case with the agencies in adjusting the most 
egregiously inefficient regulations, without any overall paperwork systems. 


Second, OMB can serve as the "necessary enemy" of the agencies, challenging 
proposals or programs based on established assumptions, methods, and priori- 
ties that may have outlived their validity. By doing so it aids innovators 
within the agencies in achieving better results. All human organizations 
gradually fall into stable patterns, and most require external challenges to 
stimulate re-examination of such patterns; OMB is institutionally well placed 
to raise such questions about regulations, as it does already about expendi- 
tures, if it can develop sufficient analytical competence and avoid spreading 
its effort too thinly. 


Third, OMB can serve as an advocate for methodological improvement, both 
within and beyond Government, as it has done frequently in the past in such 
areas as program budgeting and benefit/cost analysis. The mandatory systems 
associated with these labels have not been especially effective, but the 
analytical methods have improved, thanks in part to OMB's encouragement. 


The following suggestions may help OMB meet its responsibility under 
Executive Order 12291, while clearly recognizing the difficulties and com- 
plexities raised in the workshop: 
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Start by discriminating among different types of regulations and 
their associated cost patterns--such as procedural and reporting 
requirements vs. mandatory technologies vs. performance standards-- 
in order to select priorities for special analyses. 


Start with solid cases and build outward gradually toward the 
harder ones: build a control system incrementally from real 
pieces, not overnight from an untested concept. OMB can usefully 
work in the direction of a central control system without neces- 
sarily expecting to arrive at a full-blown regulatory budget; and 
if in the process it can help weed out a few of the most inconsist- 
ent, incomprehensible, ineffective, or inefficient requirements, 
it may achieve all that should be expected. 


Recognize and encourage the clash of adversary analyses: The 
results will be far more useful than any officially sanctioned 
"cookbook." This requires also a willingness to keep the analyti- 
cal process visibly accessible to the interested public, a role 
somewhat less comfortable to OMB but one which has a high payoff 
in legitimizing the results. 


In analyzing proposals either for new regulations or for changes 
in existing ones, focus analytical efforts on the differences among 
alternatives, including always the option of no change from the 
regulatory status quo. Sophisticated cost estimation for a single 
proposal is ox little use for decisions without equally sophisti- 
cated analysis of its benefits and comparison of these with the 
costs and benefits of alternative means to the same end, and indus- 
trial compliance costs alone are not an adequate or legitimate 
basis for public regulatory decisions. The Council on Environ- 
mental Quality regulations for implementing the procedural provi- 
sions of the National Environmental Policy Act, and the EIS meth- 
odological literature, provide useful discussion of some of these 
analytical issues. 


Encourage scholarly thought and experimentation on broader or 
longer term questions, such as the relative merits of national 
minimum standards vs. regionally differentiated standards, regu- 
latory budget proposals, and other new alternatives to burdensome 
forms of regulation. 
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III. SELECTED QUOTATIONS FROM THE WORKSHOP PROCEEDINGS 


NOTE: This selection of quotes from the workshop proceedings gives a flavor 
of some of the main issues, participants, and subjects discussed during the 
workshop. 


The purpose of the workshop is to bring together individuals with diverse 
viewpoints and experiences, hoping that the ensuing discussion will both il- 
luminate the areas of general agreement and sharpen ovr understarding of the 
areas of disagreement. (Huband) 


What I see evolving is a central control system on regulations, [which] is 
being debated . this town. J think it will continue to be debated over a 
number of years.... 


Assuming that we are going to have a control system, we would like to see, 
as a result of these and other papers, some idea of how and what is the cur- 
rent status and what can be done under current methodologies to provide a 
basis for assessing the impacts of regulation. (Tozzi) 


The main objective of my paper is to address the contribution of technologi- 
cal innovation and learning to regulatory compliance cost. A secondary ob- 
jective is to look at what our understanding of innovation and learning might 
contribute to understanding how better to regulate, assuming that in the real 
world in which we live we will continue to regulate in some way.... 


There has bee. a presumption in most of the literature that regulatory cost 
analysis is pretty straightforward. It might be tedious, it might be expen- 
sive, but it's pretty straightforward. We know how to do it. And the rea} 
challenge is on the benefit side. Most of the literature has had to do with 
how the scientific problems are so terribly complicated on the benefit side. 
I believe that if we look at the cost side, we will find that there are prob- 
lems on that side as well. 


I would not recommend tbat we continue to use engineering cost estimation 
until NSF has funded a 5-year program to improve methodology. That wouldn't 
help OMB or the world in the short term. (Hill) 


We begin our paper by asking, why in the world do you want to estimate the 
cost of complying with Federal regulations anyway? And we discuss what we 
see as the most important reasons: 


(1) Estimates of the cost of particular regulations are a precondition if 
we're going to do any kind of benefit/ cost analysis, cost-effectiveness 
analysis, or regulatory impact analysis, if that's going to be required as 
it is in Executive Order 12291. So, if you're yoing to do that kind of 
analysis of regulations, obviously you're going to need some estimate of the 
costs that go along with the regulation. 
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(2) The second reason has to do with their use in the past and their 
prospective use in the future as inputs to macro studies of the impacts 
of regulations. 


(3) The third reason we need to know something about the cost of complying 
with Federal regulations is that they're essential if we're going to make 
some regulatory budget approach actually work--something about which I 
am skeptical.... 


There seems to be a lot of enthusiasm about pursuing the idea further. If 
we even want to pursue the idea further, we're going to need estimates of 
the cost of compliance.... 


Most of the surveys have to do with ex post costs. In other words, after 
the fact, how much did you spend last year or 2 or 3 years ago on environ- 
mental regulations. If we want to do benefit/cost analysis of prospective 
regulations, or to examine the distributional or macroeconomic effects of 
potential regulations, then we need ex ante estimates, or estimates of the 
costs of proposed regulations before the fact. (Portney) 


What is the thesis of our paper? Why did we choose process models and econ- 
ometric models as vehicles for future compliance cost estimation?... We were 
looking for structures. We reviewed what had been done in the past on com- 
pliance costs. It was a hodgepodge, a bag of various different types of 
methodologies which were really going to be tailored for individual kinds of 
regulations. But we were looking for a structure, some way to organize com- 
pliance cost estimation around a basic structure. (Kopp) 


I have spent most of my time looking at the benefit side, but what strikes 
me here is the same thing that struck me there, how little empirical, numeri- 
cal data there are to support any exact numerical estimate of costs or bene- 
fits. And I think that's the important message to come out of these papers, 
because at the same time there is a lot of effort politically in regulatory 
reform legislation to require some sort of detailed cost/benefit analysis.... 


It's incumbent on people who spend their research time ir this area to point 
out to a lot of the politicians who are grasping at what is apparently a very 
rational approach, that we really don't have the methodological experience 
to implement it in an appropriate fashicn. That message doesn't seem to be 
getting across. (Dach) 


The paper I developed was designed primarily .o provide some information 
based on a case study, in order to evaluate some of the issues raised by the 
other authors....I examined the emissions control regulations that were pro- 
mulgated over the last 10 years, [which] regulate emissions from automo- 
biles....We tried to look at the effect of federal emissions control regula- 
tions on technical innovation in the automobile industry.... 


We used a proxy for technological innovation, which was manufacturers' in- 
vestment in research and development for emissions control devices. I do 


recognize that there may be some people who will argue that that's rot an 
appropriate proxy, but at least I assumed it was a good start. (Vasquez) 
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I want to remind the group that regulation can inhibit innovation. There is 
an undercurrent here that OMB should tell EPA and DOT how to do cost analysis 
so it will all be consistent, and so the mythical decisionmaker will have a 

uniform basis on which to decide. 


But this control mechanism is a new kind of Government regulation, and we 

don't know how to do the analysis. And it's clear that if a cost analysis 
regulation were established today prescribing how these studies ought to be 
done, it would be modeled after engineering cost estimation. We know that 
for lots of reasons...engineering cost estimation isn't the right way to go. 
It's not the only wrong way, but it isn't the right way, and we need room 

for experimentation and learning on how to do these things. (Hill) 


One key point is that there does seem to be a great variation among cost 
estimation methods in common use. 


The question is, can some of these be ruled out in favor of a small number 
of better ones? Can and should OMB sponsor any single method or cookbook, 
in order to achieve some kind of consistency and comparability?...Or would 
the cure...in some cases at least be worse than the disease? (Andrews) 


There is confusion in writing a 3,000-page document, with an enormous number 

of references. There is an enormous cost there. You all see it when a new, 

big regulation comes out; millions of dollars are spent just by people trying 
to figure out what it means.... 


Why do people want less regulation? I don't think its a perception that 
their ox is being gored; it's a general perception that regulations are cos- 
ting too much. Most people couldn't name a regulation if you asked them 
to....But “intrusion” is the word. People have just become aware of the fact 
that they're being boxed in by government rules....People have become aware 
of an enormous increase in Federal power, not through spending, and not 
through actions of agencies, but through regulating people. (Wojick) 


I have heard two theories of why we should have a regulatory budget, and what 
it should focus on: 


(1) We want to aggregate regulatory costs because the total demands imposed 
by Government on the economy, not only the tax burden but the burden of regu- 
lations, are getting very large and worrisome in the aggregate. And we ought 
to have an idea of what that burden is. 


(2) The other theory is that we should look at individual sectors that are 
being hit with a particularly worrisome burden. The one that comes to mind 
is the automobile industry, where capital expenditures are a problem. The 
electronic utilities are another case. (Mannix) 


I don't think you necessarily would get more efficiency with a regulatory 
budget. But the proponents would say, look, if you gave them a budget so 
that they couldn't regulate till the cows came home, in other words if you 
constrained their appetites somehow, that they'd pick only the very best 
regulations. (Portney) 
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So far we've been talking about whether or not we should do regulatory biuig- 
ets. Assuming for a moment that we are required by the Congress to do regu- 
latory budgets, I'm not sure we can do a regulatory budget right now. (Podar} 


If you don't ask the right questions to start with, you're going to have a 
total which is very misleading. I would insist that if you're going to do 
that, you should at a minimum address the indirect costs and the benefits of 
regulations. [If this is impossible,] then my argumert would be, den’t do 
it. (Hill) 


I would suggest that if we really want to get some action with resp2c? te a 
regulatory cost account:.ng program or budget, then we need a directive fro 
OMB that says something like, "We would like you to start moving toused regu- 
latory cost accounting programs." This would force us to work more s*rious!y 
trying to figure out which costs are going to be included, and which estima» 
tion methods to use. (Updegraff) 


It seems to me that what industry is looking for is better efficiency through 
lack of duplication. The agencies can each go their own way in reguia‘ion, 
and there is now no general management control in that process.... 


You must get going....If we agree, as the public tells us, that we are over- 
regulating, then there has to be a start somewhere. Somebody has to take 
leadership and...take that tirst step. (Pierle) 


I think it's inevitable that something will be done to establish control over 
regulatory costs. I would hope to see, as much as possible, an equivalent 
concern for the methods and mechanisms for addressing the benefits of regula- 
tion, and for what those mean for the policy decisions, and an equivalent 
concern for the total impact on specific sectors on the benefits side. (Hill) 


I think this has been a useful exercise. We all realize how much we don't 
know yet, and therefore how much is left to be learned. (Morrison) 
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1.0 Introduction 


1.1 Background 


The last 6 years have witnessed an explosive growth in the demand for eco- 
nomic analysis of Government regulatory programs. While economic analysis 
has been applied in a variety of regulatory contexts, its most controversial 
use has been in the area of the regulation of environmental, safety, and 
health hazards. As the costs of the environmental, health and safety laws 
adopted or strengthened in the 1960s and early 1970s have become more appar- 
ent, more and more attention has been focused on the costs they impose on 
industry and on the public. 


Within the Federal Government the formal requirements for economic analysis 
of regulation have had two origins. First, several of the environmental 
statutes, including parts of the Clean Air Act, the Federal Water Pollution 
Control Act, and the Toxic Substances Control Act, require that agencies 
consider the economic implications of a regulation as part of the standard- 
setting process. Second, for those agencies and regulatory regimes that do 
not require economic analysis as part of the decision process, a series of 
Presidential executive orders has established ever more rigorous require- 
ments for regulatory analysis. Under President Ford, Executive Order 11821 
established a requirement that agencies consider the “inflationary impact" 
of proposed regulatory decisions. Later, President Carter in Executive 
Order 12044 extended and expanded this requirement to require a draft regu- 
latory analysis of all significant regulations. Most recently, under Execu- 
tive Order 12291, promulgated on February 17, 1981, President Reagan has 
required that where possible under the law all significant new regulations 
must meet a cost/benefit test. 


As the requirements for economic analysis of regulations have become more 
stringent and quantitative, and as the policy decisions of regulators have 
been made more dependent on the outcomes of economic analysis, the need has 
emerged to improve the quality of regulatory analysis to be sure that it is 
done both fairly and accurately. Clearly, a regulatory cost analysis in- 
tended to support a discussion of the inflationary impact of a proposed regu- 
lation does not need to be as accurate as one intended to support a judg- 
ment of the amount by which the marginal benefits of a proposed regulation 
exceed its marginal costs. In this context, of course, accuracy refers not 
only to numerical soundness but to conceptual and methodological soundness 
as well. 


The author wishes to thank Richard A. Andrews for valuable contributions 
and Jan L. Cassin for information gathering and secretarial assistance. He 
is also appreciative of the many helpful comments offered by Richard N.L. 
Andrews, Leslie Dach, George C. Eads, Khristine C. Hall, John A. Hansen, 
George R. Heaton, J. Herbert Hollomon, Burton H. Klein, Carl W. Noller, 
Charles M. Overby, Robert Percival, Michael A. Pierle, David Rosoff, 
Larry E. Ruff, and James M. Utterback. 
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Most regulatory analyses of proposed environmental regulations have stressed 
the cost side of the cost/benefit evaluation. On the other hand, the focus 
of the theoretical and conceptual literature on environmental cost/benefit 
analysis has been on methodologies for analyzing the benefits of regulation 
and on the policy implications of the use of cost/benefit analysis in deci- 
sionmaking. The tacit assumption is that cost analysis per se is reasonably 
well in hand. However, this paper will argue that most regulatory cost 
analyses are bzsed on complex but naive static models of the responses of 
firms to changs in their environments, that were not intended for this pur- 
pose and are the cause of significant error. It finds that the analysis of 
the cost of regulation is in considerable disarray and that the methodologies 
must be improved if such analyses are to be reliable and credible. 


1.2 Purpose, Approach, and Scope 


The purposes of this paper are to describe and assess the current practice 
of regulatory cost analysis, to show how current practice systematically 
overstates regulatory costs, and to identify opportunities to improve that 
practice. It focuses on the contributions of technological innovation and 
change to reducing the costs borne by regulated industries. A second pur- 
pose is to describe how the detailed design of command and control and eco- 
nomic iucentive regulatory programs can influence corporate technological 
responses and thus the costs ultimately paid by industry and the public. 


This paper is focused on the prospective analysis of proposed regulations, 

rather than on the retrospective analysis of regulations that have already 

been put into effect. Such prospective, or ex ante, analysis is the problem 
faced by a regulatory analyst in an agency today. As compared with ex post 
evaluation, in ex ante analysis there is greater uncertainty about the re- 

sponses of industry, both in terms of compliance and in terms of technolog- 

ical innovation and change, as well as greater uncertainty about the costs 

that will ultimately be paid. 


A review and analysis of research and information from existing sources is 
the basis for this paper. It draws on academic literature, earlier studies 
funded by Federal regulatory agencies, and the general literature on techno- 
logical innovation and learning. A number of its assertions are based on 
more general arguments about innovative behavior. Clearly, there is need 
for additional modeling, for empirical studies of existing regulations, and 
for experiments in regulatory program design to improve our understanding 
of the regulatory process and the associated industrial response. 


This paper is concerned primarily with command and control regulations of 
the type adopted in the United States since around 1965. It is concerned 
with regulation of the processes firms use rather than of the products they 
make. In particular, it focuses on requirements typified by those under 
the Clean Air Act, the Clear Water Act, and the Resource Conservation and 
Recovery Act. It does not address product regulations imposed by the Food, 
Drug, and Cosmetic Act, the Toxic Substances Control Act,* or the Consumer 


* TSCA gives EPA authority to regulate industrial processes 
and practices, although the actions taken to date under TSCA have not been 
of this type. 
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Product Safety Act; nor is it concerned with regulations under the Occupa- 
tional Safety and Health Act, although much of the analytic content applies 
to them. 


We are concerned here only with methods for analyzing the costs of regula- 
tory programs. The analysis of the benefits of environmental regulation 
has been addressed in a number of other studies and reports. For recent 
reviews, the reader is referred to works by Freeman (1979), Ashford, Hill, 
et al. (1980), and CPA (1981), who report on the conceptual difficulties, 
complexities, and uncertainties of the benefits side of a regulatory analy- 
Sis. Benefits analyses pose challenges that are at least as great as any 
faced by a cost-side analyst, and when chronic health hazards are of concern, 
the challenges are much greater. While we focus here on the cost side, we 
must keep in mind the importance of improving methods of benefits analysis. 


This paper also does not consider the appropriateness, probiems, or costs 
to society of using the cost/benefit approach for making public choice. 
Kelman (1981) points out that the cost/benefit analysis approach reflects a 
utilitarian view of social choice that is no longer in favor with moral phi- 
losophers, and that it threatens, through monetization of certain nonmarket 
values, the foundations of social behavior. Similarly, Schultz and Kneese 
(1981) show how cost/benefit analysis addresses only a special case of utili- 
tarianism and does not address other legitimate concerns of society, such 
as protection of individual rights. On a more instrumental level, use of 
cost/benefit analysis may replicate in the public sector the problems that 
narrow financial analysis brings to private firms, a subject I have recently 
explored elsewhere. (Hill, 1981) Thus, while this paper recognizes the 
current role and importance of cost/benefit analysis in regulatory decision- 
making, this should not be taken as agreement that cost/benefit analysis is 
the preferred method for analyzing public choices. 


The first goal of any environmental regulatory program is to achieve a reduc- 
tion in the risks to human life, health and the natural environment posed 
by environmental hazards. However, there are many ways to achieve this so- 
cial goal, and each may impose different costs on industry and on the public 
and may create different problems for regulatory cost analysis. There is 
no social advantage in requiring industry to spend more than necessary to 
comply with a socially imposed regulatory requirement, and it is in every- 
one's interest to seek low-cost ways to achieve a regulatory goal consonant 
with achieving other social goals such as procedural fairness, equity, and 
security. Section 6 of this paper examines the consequences for innovation 
and for regulatory costs of the detailed design of both command and control 
regulations and some of the more popular alternatives for social control of 
risks, especially economic incentive approaches. 


1.3 Organization of This Paper 


Sections 2 and 3 of this paper address the static and dynamic modes of analy- 
sis of the costs imposed on individual firms by proposed environmental regu- 
latory requirements. The static mode, addressed in section 2, is concerned 
with how cost engineers and financial analysts ordinarily look at the costs 
of compliance and at the 6ther costs imposed on the firm by regulation. 
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Section 3 examines the dynamic mode of analysis of costs at the firm level, 
including technological innovation, learning, and the effects of changes in 
the demand for inputs. Section 4 is concerned with aggregating firm-level 
costs to an entire industry affected by regulation. Section 5 addresses 
how interactions among regulatory programs complicate regulatory cost analy- 
Sis and mentions briefly the relationships between private, firm-level costs 
and total social costs. Section 6 addresses the effects of regulatory design 
on compliance costs for command and control and economic incentive regula- 
tions. Section 7 presents some findings and conclusions about the process 
of regulatory cost analysis under the current circumstances and highlights 
research opportunities for improving it. 


2.0 The Static Analysis of Firm-Level Costs 


Projecting the costs of a proposed regulation at the firm level is usually 
approached using the standard methods of engineering cost analysis. One 
estimates the direct private costs faced by a firm for compliance and other 
purposes. Direct private costs are costs that affect the profit and loss 
statement of the regulated company. Since they are based on detailed 
descriptions and disaggregations of a process flow sheet, such engi- 
neering cost estimates are often highly detailed, and are often wrong, 
especially because they are unable to consider the potential contributions 
of the new control technology and new process technology, which is so often 
at the heart of the responses of industry to regulation. To provide a basis 
for understanding the impact of new technology in regulatory analysis, this 
section examines the engineering cost analysis tradition in some detail. 
Section 3 then examines technological innovation and dynamic analysis of 
firm-level costs. 


2.1 Engineering Cost Analysis for Compliance Costs 


The well-established tradition of engineering cost analysis for financial 
decisionmaking by private firms has been adopted essentially without change 
for regulatory cost analysis. Broadly speaking, two functions are involved: 
engineering cost estimation, which entails estimating the fixed and variable 
costs associated with purchase and operation of specific items of plant and 
equipment, and engineering economics, which entails analyzing the implica- 
tions for the firm of an investment choice from among the alternative items 
of plant and equipment whose costs have been estimated. 


Engineering economics, also known as managerial economics, engineering eco- 
nomy, and project financial analysis, is a well-developed field, as attested 
by the existence of many standardized texts. See, for example, Grant, 
Ierson, and Leavenworth (1976); Riggs (1977); Taylor (1980); White, Agee, 
and Case (1977); DeGarmo, Canada, and Sullivan (1979); and Peters and 
Timmerhaus (1980). For the most part, these texts are concerned with the 
tools used to assess the implications of a particular schedule of costs for 
the firm. They examine at great length the implications of that cost sched- 
ule, and of such matters as taxes, the financial structure of the firm, de- 
preciation rules, and equipment life for the firm's cash flow and profit 
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and loss statement. Except for brief chapters on public investments, these 
texts assume that (1) the decisionmaking unit is a private firm, (2) the 
firm is a profit maximizer, or tries to accomplish its objectives at the 
least cost, (3) the firm knows its future cost and income streams with cer- 
tainty or can attach specifiable probability distributions to those streams, 
and (4) the firm does not consider the external costs of its actions when 
making decisions. 


The cost inputs to the engineering economic analysis are provided by the 
cost engineer or the engineering cost estimator. Standard references in 
this field are texts by Ostwald (1974), Park (1973), and Weaver, Bauman, 
and Heneghan (1963). Helpful recent papers on cost estimation for process 
equipment have been published by Cran (1981) and Desai (1981). Standard 
approaches to cost estimation have been elaborated in some detail for pollu- 
tion control devices in general by Uhl (1979) and for air pollution control 
devices installed pursuant to the New Source Performance Standards provisions 
of the Clean Air Act by PEDCo Environmental, Inc. (1979). Vatavuk and 
Neveril (1980) have published a series of papers on cost estimation for air 
pollution control devices. 


Using a variety of techniques developed over the years, the cost estimator 
makes estimates of the capital and operating costs arising from the adoption 
of specified items of equipment, either for ordinary production or for com- 
pliance with regulatory requirements.* Cost estimation is relatively 
straightforward for so-called "end-of-pipe" approaches to compliance, because 
they involve attaching a separate piece of equipment of established design 
to a production facility to recover its effluents or render them unobjection- 
able under the law. In general, cost estimation is more difficult when regu- 
lations are met through process modifications because such modifications 
are not known in advance, and because allocation of joint costs and benefits 
to production and environmental control becomes an issue.** 


It is customary in cost estimation for regulatory compliance to use a "model 
plant" approach, in which one estimates the incremental costs of compliance 
for hypothetical plants that typify those expected to be built, or that exist 
in the industry in question. These hypothetical plants do not take into 
account any special costs or opportunities associated with local conditions. 
It is also customary to treat income from the recovery of byp oducts and 
cost reductions from improvements in the productivities of labor or resource 
inputs as offsets to compliance costs rather than as benefits of the regulation. 


Cost estimation has taken on a specific format closely allied with the eco- 
nomic and accounting principles of business firms. These principles are 


* Typically, design and cost estimation are separate functions, which inhib- 
its feedback from cost implications to design changes. 


** This paper does not address the question of creating incentives for accu- 
rate cost estimation. See White (1981). 
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appropriate fur analyzing costs of compliance for a particular firm, but 
they can not acdress such matters as the contributions of firms outside the 
industry, technological change, and the difficult-to-predict dynamic vari- 
ables that influence industry-wide compliance costs in the long run. It is 
important to recognize that regulatory cost analysis is not being carried 
out for an individual firm that will have to decide how to comply, but rather 
by society, which is trying to decide whether and how to change the behavior 
of all firms in the industry to attain the most effective and equitable allo- 
cation of the Nation's resources overall. 


The following subsections briefly describe the process of engineering cost 
estimation in order to provide a basis for discussing some of its limitations 
and inherent biases when used in regulatory analysis. For more specific 
procedures and input data, the reader is referred to the texts, articles, 
and reports mentioned above. For example, Peters and Timmerhaus (1980) offer 
an extensive bibliography of practical articles on cost estimation. 


2.1.1 Capital Cost Estimates 


It is customary to make cost estimates for engineering projects at five 
levels, each level representing a higher accuracy and a more firm commitment 
to action by the decisionmaker. Table 1, from Uhl (1979), shows the ex- 
pected accuracy for and the appropriate decisions to be based on the five 
levels of estimates. It should be emphasized that the accuracy estimates 
apply for "well-established" technologies and that ranges may be wider for 
newer technologies. Table 1 also summarizes the kinds of information needed 
to perform cost estimates at each of the five levels. 


The resources required to perform cost analyses at the more accurate levels 
grow rapidly. Table 2 shows estimates of the costs of performing cost esti- 
mates at various levels for single process plants in 1979. These are rough 
estimates that are based on an original source dating from 1964, so they 
must be viewed with caution. They apply to well-known technologies, and 
the costs of estimating costs would be higher for new technologies. Further- 
more, compliance cost analysis for an industry of several plants would cost 
more, since several model plants must be described and cost estimates tai- 
lored for each one. Thus, these data highlight the fact that making credible 
cost estimates can cost a substantial amount of money. 


Regulatory cost analysis is nearly always based on "study" estimates. The 
next more accurate level, the "preliminary" estimate, requires specification 
of site-related information that the model plant approach, based on hypothet- 
ical typical plants abstracted from local conditions, can not accommodate. 
For purposes of estimating costs for the "Background Information Document" 
for a New Source Performance Standard under the Clean Air Act, PEDCo (1979) 
states that a “study" estimate is adequate. The implications of this prac- 
tice are that, first, such an estimate will typically cost $10,000 to $25,000 
to make for one well-known end-of-the-pipe control technology, and second, 

a cost/benefit ratio based on such a calculation can never be more accurate 
than that, with a bias toward overstatement. 
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TABLE i. 


DEFINITION OF FIVE BASIC TYPES OF ESTIMATES OF TOTAL PLANT COST 


Type” (Each has 


Usual 
several designations) Characteristics Purpose Reliability 
8 Order-of-magnitude® Rapid. Very rough. Preliminary indication. About + 30% 

Ratio Check on result by more - 60% 
detailed method. 
2. Study (commonly a Requires flow diagram, mater- For generalized evaluations. + 30% 
so-called factored ial and energy balance, type Guidance for further investi- 
estimate) and size equipment. gation. Basis for process sel- 
ection. R&D guidance. 
2 Preliminary® In addition to above, sur- Basis for decision to undertake + 20% 
Budget Authorization veys and some engineering of detailed engineering. Sometimes 
foundations, transportation basis for budget anthorization. 
facilities, buildings, struc- Can be for generalized evaluation, 
tures, lighting, etc. but usually for site-specific 
installation. 
4. Definitive More detailed engineering, Sometimes the basis for budget + 10% 
Project Control but usually short of complete authorization. Provides improved 
specifications and working estimate of project to be built. 
drawings. Requires experi- For site-specific installations. 
enced estimating organization 
and substantial outlay. 
5. Detailed Complete site surveys, spec- Made to control cost of project + 5% 


Firm 
Contractor's 


ifications, working draw- 
ings. 


being built. 
installations. 


For site-specific 


cost. 


brhese apply for well established technologies. 
wider, particularly for the first three types of estimates. 


“This is a representative and comprehensive list of the types of estimates for total plant 
Other such lists differ in the number of estimate types and their descriptions. 


For newer technologies, the ranges may be 


“The first three types of estimates are also termed "conceptual estimates." 


Source: Uhl (1979) 
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TABLE 2. TYPICAL COST RANGES 


FOR PRODUCING CAPITAL COST ESTIMATES* 


Total Plant Cost 
Type of 


Estimate 


Less than $2 million to 10 million to 
$2 million $10 million $100 million 


Order-of-Magnitude $ 2,000 - $ 5,000 - $ 8,000 - 
10,000 20 ,000 25 ,000 
Study $ 4,000 - $10,000 - $16,000 - 
12,000 24 ,000 32,000 
Preliminary $12,000 - $24,000 - $40,000 - 
30 ,000 50 ,000 80 ,000 
Definitive $20,006 - $§ 50,000 - $ 90,000 - 
50,000 100 ,000 200 ,000 


“The figures are intended only as a rough guide. The range of activi-~ 
ties covered by these costs can be considerable; depending on the type of 
estimate, it can include engineering, drafting, surveys, travel, copying, 
communication, office overhead, besides the actual cost analysis. 


Source: Uhl (1979) 
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To make a detailed equipment cost estimates it is convenient to divide the 
expenditures for capital equipment into three broad groups: 


"Group I includes items with standard designs and sizes, such as 
pumps, tanks, fans, and some air pollution control devices. 
Group II includes partially standardized equipment, such as heat, 
exchangers, clarifiers, and fabric filters. Group III consists 
of equipment with special design or size requirements, such as 
distillation columns, pressure vessels, reactors, and pollution 
control equipment for large systems. 


Price lists for Group I equipment are available from fabricators 
or vendors, and Group II equipment costs can usually be calculated 
by a correlation analysis. No standard price lists, however, are 
available for Group III equipment; after preliminary process cri- 
teria are established, price estimates should be secured from 
several sources." (PEDCo., 1979, p. 40) 


The uncertainties in component costs can be expected to be greatest for 
Group III and smallest for Group I. Unfortunately, for any regulation that 
requires significant control expenditures, Group III costs are likely to 
dominate the total costs, and thus, the uncertainties. Furthermore, Group 
III costs are the most sensitive to the iocal conditions that are omitted 
from the “study” estimates used in regulatory analysis. As a consequence, 
Capital equipment cost estimates for environmental controls are likely to 
be highly uncertain, even for end-»of-pipe devices of known design. 


The capital investment cost of a new project in industry involves not only 
expenditures for equipment but also a wide range of auxiliary capitalized 
expenditures for such things as installation costs, services and utilities, 
and site improvements. In addition, capital costs are conventionally defined 
to include property taxes and insurance. In the engineering cost analysis 
approach, rules of thumb have been developed for assigning these auxiliary 
investment costs to a project. Many articles featuring different allocation 
rules have been published. In a recent article, Cran (1981) reported that 

a factor of 3.2 plus or minus 0.86 could satisfactorily represent the ratio 
of "battery limits" costs* to equipment costs for a wide range of process 
plants. For the most part, such rules of thumb are based on extensive indus- 
trial plant construction experience but not on experience with environmental 
control systems. Retrofitting end-of-pipe treatment methods is likely to 
be more disruptive and constrained by existing facilities and thus more ex- 
pensive than new construction. On the other hand, site preparation and costs 
for providing utility connections are likely to be lower for add-ons. No 
information has been found on how these rules of thumb might differ from 
the norm for environmental control projects. 


* "Battery limits" is a geographic boundary defining the coverage of a spec- 
ific plant, including all process equipment but excluding storage, utilities, 
administrative buildings, auxiliary facilities, and site preparation. 
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2.1.2 Operating Cost Estimates 


Operating costs include labor, raw materials, energy, maintenance, and other 
recurring costs of operation of industrial facilities. In the engineering 
cost analysis approach, once the items of equipment and their sizes and oper- 
ating characteristics have been specified, it is relatively straightforward 
to estimate the amounts of raw materials, energy and labor required to oper- 
ate the facility in its early years. One must, of course, remain cognizant 
of the uncertainties in the future prices of such inputs over the lifetime 
of the project. Furthermore, operating inputs may decline substantially 
over time due to “learning,” as discussed in Section 3. 


labor costs include both hourly and supervisory costs. Hourly labor require- 
ments are generally specified based on the vendors’ estimates of labor re- 
quirements, and supervisory labor is based on the application of a rule-of- 
thumb ratio such as 15% of supervision to direct labor. In this case also, 
it is not known whether environmental control devices require more or less 
supervision per unit of hourly labor than do production processes. There 
is some reason to think that the supervisory attention may be greater for 
environmental control systems, in view of the higher level in the firm at 
which environmental control decisions are generally made. (Ashford, Heaton 
and Priest, 1979) 


2.1.3 Total Annualized Costs 


The annualized cost of compliance consists of the sum of the annual opera- 
ting costs and the annualized costs of owning capital plant and equipment. 
The translation of capital investment costs into annual costs of ownership 
is not straightforward or uniquely defined and is a major concern of the 
field of engineering economics discussed earlier. Generally, the annualized 
cost of owning capital plant and equipment must be recovered by the sum of 
the interest paid to debt holders, dividends paid to stock holders, and re- 
tained earnings. Since environmental control expenditures are not expected 
to produce a profit for a firm, it is unreasonable to expect equity invest- 
ments to be made in taem. Thus, it is common to assume that. all capital 
expenditures for pollution control are financed by debt financing and to 
assign costs accordingly. (PEDCo, 1979, p. 53) 


Both capital and operating costs are sensitive to scale economies in produc- 
tion and to the size of the firm in which they occur. In a regulatory analy- 
sis, one must analyze plants of a size typifying those existing in the indus- 
try in the case of retrofit requirements, or those expected to be built in 
the industry in the case of requirements for new plants. Scale factors for 
estimating the effects of facility size on costs are also published as rules 
of thumb, which are usually dimensionless exponents to be applied to capacity 
ratios. Typical values of such exponents are shown in Table 3 taken from 
Desai (1981). For example, if an agitator of one size is estimated to cost 
$5,000, one that is three times as large would be expected to cost (3)®:5 
or 1.73 times as much, or about $8,650. 
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Table 3 


Recommended exponents for scaling equipment costs 


Equipment 


Air Fins (coolers) 
Agitator 

Blower 
Compressors, reciprocating and centrifugal 
Conveyor 

Drums 

Dryer 

Ejector (5-stage) 
Heaters 

Heat exchangers 
Pumps 
Refrigeration unit 
Tanks 

Towers 


n values 


oeoeoocoocoocjeoco 


.80 
.50 
-65 
.75 
-70 
.65 
.50 
-50 
. 80 
.60 
.60 
.75 
.70 
.70 


Source: Desai (1981) 
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2.2 Other Firm Level Costs 


In addition to direct outlays for plant and equipment needed for compliance, 
regulation can impose other kinds of costs on the firm. These include the 
costs of lost production, of reduced productivity, of additional administra- 
tion, of some plant closings, and of some kinds of changes in the firm's 
competitive strategy. 


The treatment of lost production due to regulation is difficult. If a regu- 
lation does not cause price changes, then the value of lost production is 
simply equal to the amount of lost income minus the recurring expenditures 
of production. Some commentators argue that the value to the firm of lost 
production depends on the capacity utilization in the firm. (EPA, 1979) 
If the production that is lost during a period of regulatory changeover can 
be made up by increasing the operating rate of existing equipment before or 
after the changeover is made, then lost production may impose no costs what- 
soever. Furthermore, it may be possible to install pollution control devices 
during normal maintenance periods, which would also create no costs or lost 
production. (PEDCo, 1979) Of course, some pollution control equipment per- 
manently impairs plant capacity, and will impose costs if the plant could 
otherwise operate profitably at higher throughput. 


If the engineering cost analysis is performed correctly, it should take into 
account the costs to the firm of changes in the productivities of labor, 
energy, and raw material inputs. However, if such lost productivity arises 
from the diversion of managerial resources from managing production to man- 
aging regulatory compliance, then there may be spillovers in which other 
nonregulated aspects of the firm also suffer a productivity loss. Currently, 
there is no known way to estimate such losses. 


To meet regulatory requirements, firms must generally not only install equip- 
ment or change processes but also engage in a continuing series of activities 
related to monitoring, assessing, and reporting on the performance of com- 
pliance technologies. These costs must be considered real costs faced by 
the firm under regulation. 


Within the static framework, plant closures have been a major item of analy- 
tic concern. Depending on the structure of the regulated industry and on 
the markets available to its firms, the imposition of new costs through regu- 
lation may serve to make one or more of the firms in the industry no longer 
profitable at prices the market will bear. From the static point of view, 
if a firm can no longer achieve an acceptable rate of return on its assets 
following regulation, that firm can be expected to close or to leave the 
line of business that is regulated. However, such an analysis assumes that 
firms have no slack resources and no ability to meet increased costs by using 
new technology. Thus, plant closure predictions based on static analyses 
are likely to be overly pessimistic. Furthermore, while plant closings may 
impose substantial costs on particular workers or communities, the cost to 
the regulated firm may be recoverable in part by shifting its assets to 
different purposes. 
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One of the more subtle impacts of regulation on the firm is that regulation 
can cause a firm to change its competitive strategy. This can be good or 
bad for the firm, depending on its original condition and on the new strategy 
that it adopts. For example, for many years the American auto industry had 
followed a competitive strategy of annual design change, standardized tech- 
nology, and low price. New technologies and performance features were 
de-emphasized in American automobiles. Environmental and fuel economy reg- 
ulations have caused the domestic automobile industry to shift its attention 
from styling and price to performance and new technology as elements of their 
competitive strategies. According to some commentators, this shift has been 
a positive one for the American industry, assisting it in coping with the 
challenge of Japanese and European imports. On the other hand, a regulation 
which causes a dynamic, rapidly changing firm to shift its strategy from 
growth and major change to consolidation and incremental change imposes 
long-run costs on the firm over and above those of compliance. This can 
happen, for example, if a regulation requires all the firms in a regulated 
industry to adopt a particular control device or process technology for 
compliance purposes. 


3.0 The Dynamic Analysis of Firm-Level Costs: Technological Innovation 
and Change 


The engineering economics and cost estimation approaches to analysis of the 
cost of industrial processes discussed in Section 2 are based on a snapshot 
view of the costs of technologies that are currently in use or whose cost 
parameters are anticipated by the state of the art of existing technology. 
When a private firm makes a decision to invest in a new process, it is en- 
tirely appropriate that such static analyses be used to define the costs 
for the firm's own cost/benefit decision model.* However, the problem faced 
by regulatory analysts and decisionmakers is different because (1) the tech- 
nological responses of the firms in an industry to a regulation are expected 
to evolve over a significant period of time, (2) some firms in the industry, 
or that supply or depend on the industry, will develop substantiaily new 
and improved control and/or process technologies, and (3) a number of firms 
in the industry will be investing in the same or similar technologies at 
about the same time. These phenomena tend to cause the actual costs of pur- 
chasing and operating pollution control technologies or improved process 
technologies to be different from those that would be anticipated by a static 
engineering cost analysis. 


This section examines the conceptual background and some empirical evidence 
for the impact of these dynamic phenomena on the cost of complying with regu- 
lation. First, it examines the importance of learning and experience in 
Causing incremental reductions in the cost of operating technologies. 
Second, it examines how technological innovation, that is, the development, 
adoption and use of new technologies, influences regulatory compliance costs. 


we 


~ In more sophisticated analyses of individual firm investment decisions, 
there is a growing interest in anticipating cost reductions due to learning 
and innovation over the lifetime of a proposed project. 
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Third, it examines how the shift in demand for equipment created by regula- 
tion tends to change the prices of control technologies and process inputs. 
Finally, it discusses the conflict that can arise for a firm in the long 
run between cost-reduction and performance-improvement strategies that focus 
on learning and on technological innovation, as well as the conflict between 
the cost-reducing and cost-increasing phenomena discussed earlier. 


3.1 The Effects of Learning and Experience on Compliance Costs 
3.3.3 The Nature of the Learning Curve 


It is well known that the cost of performing any task in an organization 
tends to decline with repetition of the task. In many cases, a plot of the 
cost of performing a task versus the logarithm of the number of times the 
task is performed is a straight line. With every doubling of the number of 
performances of the task, its costs are reduced by a relatively constant 
fraction. First noticed in the 1920s in connection with the production of 
aircraft, the learning curve phenomenon has been generalized to encompass 
nearly all industrial activity. Typically, when the task to be performed 
involves a large labor content, the unit cost declines by 20 or 30% for every 
doubling of output. That is to say, the cost at the end of a doubling period 
is only 70 or 80% of the cost at the beginning of the period. When the task 
is based on a high proportion of machine input, the decline tends to be more 
gradual--in the neighborhood of 90% of the original cost at the end of every 
doubling period. (Hirschmann, 1964) 


Learning occurs in organizations. It is the manifestation of the fact that 
employees in a firm from top management to hourly workers become more experi- 
enced and seek shortcuts to make their individual tasks easier and more ef- 
fective. Such learning happens quite apart from any effort to make major 
improvements in technology and is distinct from the increases in productivity 
and quality or reductions in cost that occur when substantially different 
kinds of equipment are installed in a plant. In this sense, learning is 
indistinguishable from what is often called incremental innovation. 


While learning is well established in assembly-type industries, it is less 
intuitively related to the continuous process technologies used in the indus- 
tries with significant pollution problems and also used to control air and 
water effluents. Nevertheless, when examined carefully the evidence supports 
the existence of learning phenomena even within such facilities as petroleum 
refineries and petrochemical plants. (Hirschmann, 2964) Even with a well- 
established petrochemical plant or petroleum refinery, ways are found over 
time to increase the output of the facility with only small capital invest- 
ments. This happens not only because the workers and managers of the plant 
learn how better to schedule and operate the facility, but also because engi- 
neers are not able to completely specify the performance of such facilities 
in advance. Generally, such facilities can produce at a higher rate than 
originally intended, subject to the removal of the bottlenecks that are found 
to constrict production in sequential processing operations. As the bottle- 
necks are eliminated by investments or by changes in operating parameters, 
production increases, but at a slower rate as output accumulates, again fol- 
lowing a semi-logarithmic relationship. (Bodde, 1976) 
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An important finding from research on learning and experience curves is that, 
while learning appears to be automatic, it nevertheless requires repeated 

production of the same product, the continual attention of management, and 
the continual application of resources. Furthermore, while at any time the 
Managers and engineers are not able to anticipate how costs will be reduced 
in the future, for learning to occur they must have faith that costs will 

go down. If everyone believes that a cost plateau has been achieved, then, 
indeed, costs are unlikely to decline. 


Hirschmann has summarized the results of learning research in the form of 
what he calls “learning curve doctrine": 


1.  # Where there is life, there can be learning. 


2. The more complex the life, the greater the rate of learning. Man- 
paced operations are more susceptible to learning or can give 
greater rates of progress than machine-paced operations. 


3. The rate of learning can be sufficiently regular to be predictive. 
Operations can develop trends which are characteristic of them- 
selves. Projecting such established trends is more valid than 
assuming level performance or no learning. 


4. Learning is related to the dynamic context of the environment. 
Faith and incentive stimulate progress, and provide the drive to 
exert the energy, resourcefulness, skill, and persistence needed 
to bring it about. Conversely, the “ceiling psychology" and the 
tendency to maintain the status quo, or not to rock the boat, in- 
hibit learning. (Hirschmann, 1964, p. 138) 


3.1.2 Learning and Regulatory Compliance 


It is reasonable to expect that the learning curve phenomenon will apply to 
regulatory compliance costs in at least two ways. First, it is reasonable 
to expect that the costs of operating an existing pollution control facil- 
ity will be reduced over time as operators and managers learn to make the 
facility perform better. If the pollution control facility is attached to 
a production plant whose output is increasing, then the burden of pollution 
control imposed on the control facility will also be increasing, and it will 
be scrutinized for possible improvements in performance and reductions in 
cost in the same way that the main part of the plant is examined. (Of 
course, the firm also has the option to allow the performance of the pol- 
lution control facility to degrade over time, risking an ever-increasing 
probability of violation of the standard. However, even if this happens, 
the cust of pollution control per unit of output will decline from the 
firm's perspective. ) 


Learning in pollution control may occur in another way. In many cases, pol- 
lution control equipment is bought from a specialized vendor. In this situ- 


ation, learning occurs not only in the operating plant, but also in the ven- 
dor firm that makes the pollution control devices. For example, it seems 
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reasonable to expect that, all other things remaining constant, the cost of 
building and installing the 100th cooling tower for electric power plants 

will be less than the cost of installing the first, the second, the fourth, 
or the eighth such tower. Since most pollution control devices are made by 
assembly industries, one could expect learning to proceed along a 70 or 80% 
learning curve rather than the more gradual 90% learning curve typical of 

process firms. 


Learning phenomena in vendor firms, which may influence the prices charged 
for control equipment, depend on the underlying market structure. In ordi- 
nary rivalrous markets, if vendors anticipate learning, they may set initial 
prices lower than costs to establish a market position. If they enjoy a 
monopoly position vendors may retain the "excess" profits that accrue as 
costs decline due to learning by keeping prices constant. Any such noncom- 
petitive behavior causes a divergence between the private (regulated firm) 
and social costs of regulation that should be considered by regulatory ana- 
lysts. Unfortunately, no data base exists for assessing and forecasting 
vendor learning and associated price effects. 


Since effective learning depends on a relatively stable market for the prod- 
uct, the demand for pollution control created by a regulatory regime should 
remain relatively stable if learning is to be effective. This does not nec- 
essarily mean that a standard must be fixed for the foreseeable future hut 
that the rate of expected improvement is well established or that the mecha- 
nisms that trigger changes in the regulation are well known and understood. 
One of the weaknesses of command and control regulations that establish 
standards of performance is that such standards may tend to become ceilings 
on what is demanded from vendors and from operators, managers, and technical 
people in a firm. Once compliance is achieved, attention is turned to other 
matters and cost reduction and performance improvement through learning are 
inhibited. Of course, the costs of operating pollution control devices pre- 
sent a continual incentive for improvement. Economic incentive approaches 
to reguiation can bolster this incentive, while avoiding establishment of a 
celing on performance. (See Section 6 for further discussion of the rela- 
tionship of regulatory design to learning phenomena. ) 


3.2 Technological Innovation and Compliance Costs 
3.2.1 The Nature and Sources of Technological Innovation 


Technological innovation is the process of development, adoption, and use 
of technology that is new to the world, to the industry, or to the firm. 
Technological innovation includes new technologies that perform existing 
tasks more effectively or at lower costs, as well as technologies that allow 
us to accomplish entirely new tasks. Technological innovation occurs both 
in response to new opportunties created by advances in science and as the 
response of a firm that experiences the pressure of a need to change. Re- 
search and development (R&D) contributes to technological innovation by pro- 
viding the bases for the generation of entirely new concepts for continual 
learning and improvement of existing products and processes. However, tech- 
nological innovation can often occur in a firm in which there is no organized 
research and development function. (Hill, 1979b) 
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New technologies can have a variety of origins. While in the simplest case 
new technologies are developed by the firms that use them, many innovations 
Originate in supplier firms or in firms that are users of the products of 
the industry in which the innovation occurs. For example, innovations in 
the aircraft industry may be supplied by the producers of engines or of elec- 
tronic equipment, and new chemicals may be developed by the industrial cus- 
tomers of chemical-producing firms. As an industry grows and matures, the 
locus of major innovation shifts from new firms, to existing firms, to new 
entrants to the industry. 


There is considerable evidence that small firms, new firms, and new entrants 
to an industry plav major, if not dominant roles in innovation. (Utterback, 
1979) This has been found to be true even in the case of the response of 
auto firms overseas to U.S. safety, emissions, and fuel economy regulations. 
(Ashford, Heaton, et al., 1981) 


3.2.2 The Interactions of Technological Innovations and Regulations 


Technological innovation affects both the costs and benefits of regulatory 
programs. At the same time, the design of a regulatory program can pro- 
foundly influence the innovative behavior of a regulated firm. (See Hill 
et al., 1975; Ashford, Heaton, and Priest, 1979; Grabowski and Vernon, 1979; 
a series of papers in Hill, 1979a; and Hill, 1979b, for reviews of the inter- 
actions of regulation and technological innovation. ) 


It is useful too consider a four-fold classification of the interactions of 
Government regulation and technological innovation. First, the rapid pace 
of technological innovation in the 20th century has blessed us with the tech- 
nological systems whose hazardous side effects and great power are at the 
heart of the vastly incrased scope of Government regulation of the last two 
decades in all industrialized countries. Second, technological innovation 
can reduce the costs of regulatory compliance by providing new control tech- 
nologies or new production processes that are more effective, less costly, 
or inherently cleaner than existing technologies. Third, regulation may 
divert financial and human resources from the ordinary course of technologi- 
cal innovation activities in industry or it may establish barriers to new 
ideas and, thus, inhibit innovation for ordinary business purposes. Fourth, 
at other times new Government regulations may stimulate technological innova- 
tion in industry and provide benefits to regulated firms even in areas other 
than those related to compliance. 


This paper is concerned primarily with the second point above (innovation 
to reduce compliance costs) and to a lesser extent with the third and fourth 
(regulation can inhibit or stimulate innovation). It also examines how regu- 
lation can be designed so as to encourage the development and use of better 
control or process technologies for compliance purposes. 


A careful examination of the first point (innovation creates the need for 
regulation) lies beyond the scope of this paper. Suffice it to say, however, 
that regulation has emerged, not as part of a ge: :ral trend toward misguided 
interference in private affairs by big Government, but as an effective social 
mechanism for exerting control over the threats to these affairs Sy powerful 
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technologies. Similarly, it is beyond the scope of this paper to review 
the theory and evidence on how regulation inhibits innovation for ordinary 
business purposes (a perspective well-represented by Grabowski and Vernon, 
1979) or of how regulation stimulates innovation for main business purposes 
(see Hill, 1980, for an elaboration of this perspective and Royston, 1980, 
for an extensive set of examples). 


3.2.3 Technological Innovation and Compliance Costs: Some Examples 


Let us examine a hypothetical example of how technological innovation can 
affect regulatory compliance costs. Consider the case of air pollution 
control from a textile dyeing and finishing plant. If the basic dyeing 
process is not changed in response to pollution control demands, it is likely 
that the plant will have to install ventilating systems as well as devices 
for recovering or destroying chemical vapors in the exhaust air. It is un- 
likely that the textile firm would develop such systems and devices itself; 
rather, it would approach the existing vendors of ventilation systems to 
purchase control technologies. The ventilating system vendors i: turn 
would probably try to adapt their existing lines of equipment to meet the 
needs of textile companies. They might engage in R&D to develop more ef- 
fective or cheaper control technologies, but major advances might well come 
from firms that had not been involved in the ventilating equipment field at 
all. Alternatively, firms that sell textile finishing or dyeing chemicals 
to the textile industry might do research on methods of vapor recovery in 
the textile industry in order to protect the markets for their existing 
chemical lines. Or, they might do research on water-based textile chemi- 
cals that do not generate harmful vapors. Similarly, fiber makers might 
search for new fiber compositions or yarn types that could use entirely dif- 
ferent methods of dyeing or finishing. 


The regulatory analyst who seeks estimates of the cost of compliance with 
an emission standard for organic vapors from textile mills from the vendors 
of ventilating equipment is not likely to be aware of the R&D efforts of 
suppliers and consumers of fibers, textiles, textile chemicals, and textile 
machinery to develo» better fibers, ventilating technologies, dyeing methods, 
or recovery systems, that will allow for lower cost technologies. Only if 
given extraordinary time, resources, and access to industry information will 
the regulatory analyst be able to acquire this knowledge. Even then, the 
more important the advance, the less likely is the analyst, or anyone else, 
to be able to anticipate it in advance. The result is likely to be a system- 
atic overestimate of the ultimate cost of compliance. We currently have no 
basis for adjusting these overestimates. 


Two actual examples might serve to illustrate dramatically the impact of 
technological innovation on regulatory compliance cost. The first example, 
taken from Dewees (1978), illustrates how the cost of control of automobile 
pollution has shifted as control technologies have been improved. Figure 1 
illustrates these cost improvements over time. Each curve on Figure 1 repre- 
sents the marginal costs of achieving each level of control using technolo- 
gies available in each year. ("Net Percent Controlled" refers to a weighted 
average percent reduction of emissions of the three pollutants, CO, HC and 
NOx, compared with emissions from uncontrolled vehicles.) Obviously, in 
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Net Percent Controlled 


Figure 1. Marginal costs of standards at different dates. 


Source: Dewees (1978) 
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any year, more control has cost more. But, equally obviously, over the 
15-year period the costs of achieving a particular level of control have 
declined dramatically. The declines in the 1968-75 period arose from minor 
modifications of existing engine designs and from adoption of the catalytic 
converter--an end-of-pipe control technology. After 1975, the declines arose 
from major changes in engine technology including lean-burn and stratified 
charge engines. (It should be noted that parts of Figure 1 are Dewees’ esti- 
mates of potential control costs and do not necessarily reflect actual tech- 
nologies adopted by the manufacturers. No attempt has been made by this 
author to reconcile Dewees' paper with the paper by Joseph A. Vasquez in 
this volume. ) 


Dewees (1978) points out that currently we are not able to forecast the rate 
at which such curves appear or shift. This conclusion is consistent with 
the broader view that major technological advances are inherently unpredict- 
able. (Klein, 1977, 1979) But, the situation is not necessarily hopeless 
for the regulatory analyst. For incremental improvements, the theory of 
induced innovation may provide a useful framework. For example, in one em- 
pirical modeling study, it was found that technology for producing synthetic 
ammonia from natural gas evolved in a quite regular fashion in response to 
changes in the prices of input factors over a 25-year period. (Greenberg, 
Hill and Newburger, 1979) Furthermore, the theory of induced innovation 
has been shown to apply in a number of other situations, especially in agri- 
cultural technology. (Binswanger and Ruttan, 1978) However, aside from 
some rather pro-forma modeling exercises by McCain (1978) and Magat (1978), 
no general guidelines have been developed that would facilitate prediction 
of the quantitative response of the costs or performance of new technologies 
to regulatory stimuli. 


The second example is the control of worker exposure to vinyl chloride in 
polyvinyl chloride (PVC) manufacturing. Initial estimates of the cost of 
regulation were extraordinarily large, on the order of 65 to 90 billion 
dollars of lost sales and production. (A.D. Little, 1974) However, once 
the industry had turned its attention to the problem of worker exposure, 
not only were control cost orders of magnitude lower than estimated, but 
some firms were able to produce PVC at a lower cost than before the regula- 
tory stimulus. (Ashford et al., 1980) This happened in part because the 
work exposure standard accelerated the adoption of new technology which was 
both more productive and safer. This result is consistent with Dewees' 
notion that regulation can accelerate the adoption of "dusty technology" 
already on the shelf. (Dewees, 1978) In another empirical study of chemical 
industry response to regulation, Ashford, Heaton, and Priest (1979) report 
that the majority of compliance responses used technology that was nearly 
commercial before regulation. (This finding, however, does not mean that 
an analyst could have found out about these "dusty technologies" for ex ante 
regulatory analysis purposes. ) 


3.2.4 Technology-Forcing Regulation 
In several cases in the last decade Congress has adopted environmental legis- 


lation mandating the use of technologies that are more effective than those 
commercially available or in use at the time the legislation was passed. 
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Such regulation is commonly known as “technology-forcing™ regulation. It 
can be viewed as being intended to cause the generation of entirely new tech- 
nology or to accelerate the movement of “dusty technology” from the shelf 
to applications. However, Congress has rarely, if ever, mandated the use 
of technologies whose performance is entirely out of sight at the time the 
legislation is adopted. Rather, it has usually acted on the knowledge that 
technologies with performance in the desired range are at least at the devel- 
opmental stage, ard the purpose of the legislation is to accelerate their 
development and adoption. 


Nevertheless, sometimes the technology ultimately adopted by the regulated 
firms is different from that anticipated at the time the technology-forcing 
regulations were adopted. The Clean Air Act mobile source control provisions 
provide an example of this phenomenon. When the Act was adopted in 1970, 
Congress could not have reasonably anticipated the oxygen-sensor, microproc- 
essor controlled fuel delivery, three-way catalyst system that has been 
adopted by many auto firms since 1976. Yet that technology was ultimately 
adopted, rather than the electric car, the Sterling engine, or the gas tur- 
bine, which were under discussion in 1970. This discussion illustrates again 
the unpredictability of significant technological advance. 


3.3 The Effect of Regulatory Demand on the Cost of Process Inputs and 
Techniques 


Suppose that a cost engineer wishes to project the cost of a tertiary treat- 
ment system for water effluents from an electroplating plant. Following 
the usual procedures of engineering cost analysis, the analyst would describe 
at an appropriate level of detail the items of plant and equipment needed 
to perform the task for a model plant with specified performance parameters 
and size characteristics. Such a treatment facility might involve the con- 
struction of buildings, the erection of concrete settling tanks, and the 
purchase of equipment such as pumps, filters, and the like. The analyst 
would use ordinary procedures and handbooks to estimate the costs of struc- 
tures and buildings and would contact equipment vendors for estimates of 
the prices of the various items of mechanical equipment and electrical con- 
trol systems. Because the analyst would be proposing to purchase only a 
small number of items, vendors would be likely to quote current prices. In 
view of the procedures used by cost engineers, these equipment price quotes 
are the foundation upon which all other costs are developed. 


Now suppose, however, that all of the firms in the industry will be in- 
stalling similar equipment at about the same time in response to a new regu- 
lation under the Federal Water Pollution Control Act. The effect of the 
regulation is to cause a step increase in demand for the items of equipment 
necessary for the control facility. In economic terms, the demand curve 
has been shifted upward. As a result, the prices that firms will have to 
pay for equipment will be higher than quotes for a single purchase. 


The importance of such demand-induced price changes for regulatory compliance 
costs has been examined in a series of studies performed by Thompson and 


colleagues at the University of [Ffouston. For example, in work summarized 
in Thompson (1979) it was found that water treatment costs might be increased 
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several-fold if uniform technology standards were applied to all industries 
nation-wide. It should be noted that a subst-antial and expensive modeling 
effort may be needed to estimate such cost increases credibly. 


The phenomenon of demand-induced increases in regulatory compliance costs 
should not be confused with the phenomenon of systematic underestimation of 
project capital costs that has been observed in a wide range of major process 
plant projects. (Merrow, Phillips and Myers, 1981) While military cost 
overruns have been highly visible, undercosting is not limited to that sphere. 
For major new process plants and energy conversion technologies such as coal 
gasification and oil shale recovery, the capital cost estimates tend to esca- 
late at a rate several times higher than the nominal rate of inflation. 
For major new technologies whose performance is unknown or uncertain, cost 
engineers systematically underestimate the difficulty of bringing those tech- 
nologies on-line and, thus, systematically underestimate their costs. Merrow 
and colleagues found that the greatest source of error is use of inappropri- 
ate cost estimating methodologies, and that such factors as scope changes, 
inflation, environmental regulations, management practices, strikes, and 
bad weather are much less significant as contributors to underestimates of 
capital costs. The proponents of new technologies fail to grasp the cost 
implications of including multiple untried technologies in major first-of-a- 
kind projects.* 


3.4 The Incompatibility of Learning and Technological 
Innovation Strategies 


Recent research has shown that firms which adopt a strategy based on incre- 
mental improvements and learning curve phenomena may find themselves unable 
to make the major changes necessary to adapt to substantial changes in sci- 
entific understanding, market demand, and social requirements over the long 
run. Similarly, firms that emphasize major technological advances are not 
able to follow a strategy of incremental improvement in costs and productiv- 
ity over time. Klein (1979) has called the ability to adapt to major changes 
in the environment “macro-stability" and the ability to make continued small 
changes “micro-stability." He asserts that there is a direct tradeoff for 
any firm between micro- and macro-stability. 


The classic study in this area is by Abernathy and colleagues, who studied 
the dilemma faced by the Ford Motor Company in the 1920s as the Model T Ford 
reached the end of its commercial life. (Abernathy and Wayne, 1974, and 
Abernathy, 1978) Ford adopted the strategy of making continual incremental 
changes in the Model T, while the basic concept remained fixed. As a result 
of the incremental improvement strategy, the price in constant dollars of 
the Model T declined by a factor of nearly four over its 15-year life. How- 
ever, when Ford was faced with major competition from General Motors in 


*Section 3.5 addresses the apparent conflict between the cost-reducing con- 
tributions of learning and innovation and the cost-increasing effects of 
innovation in first-of-a-kind facilities. 
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the early 1920s, the very efficient but inflexible structure it had estab- 
lished for making Model T's was almost unable to make the major change neces- 
Sary to adapt to the new market conditions imposed by GM's annual model 
change strategy. Thus, Ford faced a major innovation crisis in the early 
1920s as a result of its earlier successful strategy of incremental 
productivity improvement. 


A similar crisis was experienced by the Volkswagen Corporation in the early 
1970s as the “Beetle” reached the end of its 25-year commercial life. 
Volkswagen was almost unable to adapt to the changed demands of styling, 
performance, safety, and fuel economy imposed on it by its competitors and 
by Government regulations in the early 1970s. 


Firms generally follow one of a small number of strategies with respect to 
technological change. Some firms try to maintain a continual flow of new 
technologies having significantly improved performance or reduced cost. 
Others depend on long production runs of relatively standard items that allow 
them to take advantage of both economies of scale and incremental learning 
over time. Neither strategy is necessarily better, but, as noted above, 
firms can not excel at both simultaneously--a balance is required. 


The technology strategies of firms that make or operate pollution control 
equipment or less-polluting processes have rot yet become generally apparent. 
There is some evidence that the technological responses of firms to regula- 
tory requirements may not be conditioned by their pre-existing technology 
strategies. In a study of the response of the chemical industry to environ- 
mental requirements, Ashford and Heaton (1979) found that both "fluid" and 
"rigid" firms tended to make changes in technologies that could be considered 
equally novel. (In this study a fluid firm is one that is engaged in rapid 
technological change while a rigid firm uses a more established and less 
rapidly changing technology.) Both rigid and fluid firms were likely to 
use technologies whose parameters were already known. These results suggest 
that the design of regulation need not take into account the state of the 
technology in the regulated industry to achieve an effective response to 
regulatory requirements. 


It is not clear whether these findings for the chemicai industry can be ex- 
trapolated to industry generally, however. For example, in a mature industry 
with relatively slowly changing technology and relatively small numbers of 
new entrants, it is unlikely that the firms in the industry would develop 
pollution control methods with lower costs than those they might be able to 
purchase off the shelf. In this case, regulation might be more effective 
and cause lower costs if it were designed to encourage firms from outside 
the industry to develop pollution control equipment and cleaner process tech- 
nologies. This might be done, for example, by Government support of pollu- 
tion control R&D in firms not traditionally associated with the regulated 
industry, or in laboratories and universities that encourage the spin-off 
of new firms. 


Furthermore, in these rigid industries, design-based standards may be most 
effective. On the other hand, industries whose technology base is more fluid 
may respond more effectively to performance standards that encourage major 
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change. More research on industrial responses is needed to determine under 
what circumstances it would be important for the technological demands of 
regulation to be coherent with the dominant technology strategy of firms in 
the regulated industry. 


3.5 Resolving the Cost-Reducing and Cost-Increasing Effects 
of Innovation 


This section has emphasized how technological innovation and learning can 

be expected to reduce the costs of regulatory compliance below those pre- 

dicted by static engineering cost analysis. But, at the same time, mention 
has been made of the work of Merrow and colleagues (1981) on cost overruns, 
which shows that cost estimates for new, technological projects are often 

quite low. These arguments might appear to be contradictory, but there is 
a simple resolution of the apparent difference. 


In the compliance innovation case, the baseline cost estimates are usually 
made for relatively well-known, state-of-the-art, end-of-pipe technologies. 
These approaches are usually known to work and have relatively well-defined 
costs and performance parameters. Within the limitations of "study" esti- 
mates for model plants noted in Section 2, their costs can be estimated with 
some confidence. Subsequently, compliance innovations are only successful 
if they can offer lower-cost solutions--while one firm might experience <ost 
overruns trying a new approach to compliance, a new technique that is found 
to be more expensive than well-known approaches is unlikely to b< widely 
adopted. Thus, innovation can not raise compliance costs in the aggregate 
significantly higher than end-of-pipe costs. 


In the cost overrun cases examined by Merrow, the excess overruns arise from 
the presence of key elements of untried technology in the baseline first-of- 
a-kind plant. Either there is no prior, well-understood baseline case (as, 
for example, in advanced weaponry) or the cost constraint of the well-known 
baseline case is artifically suppressed (as, for example, in the synchetic 
fuels case). Thus, only in cases where there is no well-understood ccacrol 
technology at the time the regulatory analysis is performed, could innovation 
be expected to cause costs of compliance to exceed those projected ex ante. 


4.0 The Analysis of Industry-Level Costs 


The two previous sections have discussed the analysis of the costs of com- 
pliance with regulation in individual firms. These must be aggregated across 
an industry or across geographic regions in order to estimate the aggregate 
cost of a regulatory requirement for an industry or the Nation. This section 
discusses two major considerations in aggregation. First, it examines the 
question of access to compliance cost estimates and how such data should be 
acquired. Then it discusses several issues that arise in aggregating cost 
estimates across firms. 


4.1 Sources of Compliance Cost Data 


There are two basic ways to acquire data for compliance costs estimates. 
The first is to survey firms in the regulated industry for their estimates 
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of what a proposed regulation will cost at each of their facilities. The 
second is to do a detailed engineering cost analysis for model plants, modi- 
fied as appropriate to account for innovation and learning. The model plant 
approach is generally used. 


There are at least three problems with the industry survey approach. First, 
unless both the Government agency (or its contractor) and the responding 
firms pay a great deal of attention to defining the scope of the compliance 
technology, it is unlikely that cost information will be presented on a suf- 
ficiently consistent basis to allow for comparisons across firms or against 
independent estimates. Second, there is an obvious incentive for firms 
threatened with regulation to overestimate their costs of compliance. Third, 
agencies have limited or no authority to compel firms to respond to a cost 
survey, so the sampling bias in the responses is likely to favor an over- 
estimate of total costs. 


There are also difficulties with the engineering cost analysis approach to 
compliance costs. First, for many pollution control technologies there are 
no standard sources of information because there is little or no experience 
upon which to assess their costs. Thus, the analyst must make a greater 
number of assumptions and must operate in a more uncertain cost environment 
than the engineering cost analyst who is examining a standard production 
technology. Second, the more creative responses to environmental control 
requirements involve modifications in existing processes or the adoption of 
entirely new processes that produce fewer environmental effluents. For the 
most part, a regulatory analyst in an agency or its contractor is in a weak 
position to anticipate these more creative responses. Third, the analyst 
is also in a weak position to forecast the impacts of learning or incremental 
technological innovation on any particular compliance technology. Finally, 
the most effective and lowest cost approach to controlling a particular haz- 
ard may be developed and marketed by a firm which has not been part of the 
regulated industry or one of its supplier firms in the past. In this case, 
it is almost impossible for an industry respondent or a regulatory analyst 
to be aware of the potential of a mew technology that might. operate at 
lower cost. 


As a result of the above considerations, the regulatory analyst and the regu- 
latory decisionmaker face an important dilemma in trying to do cost analysis 
and in trying to base regulatory decisions on a cost/benefit criterion. 
The analyst and the decisionmaker are likely to be most certain about the 
costs of the least-creative and highest-cost environmental controls, and 
are likely to be least certain about the costs of the most-creative and 
lowest-cost approaches. Thus, in using cost/benefit analysis there is a 
systematic bias toward overestimating the cost of compliance with any parti- 
cular regulatory requirement. Until considerable additional research is 
done to compare ex ante and ex pos’ ‘mates of the costs of regulatory 
compliance, it is unlikely that tt .1l1 be any basis for estimating the 
impacts of learning and of innovativw o: compliance costs in a rational way. 


One initial attempt to make such comparisons was performed by Putnam, Hayes, 


and Bartlett (PHB, 1980) on behalf of EPA. In that study it was found that 
both EPA and the regulated industries make substantial errors in estimating 
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Capital costs for pollution control as compared with actual costs from survey 
data. The errors by EPA ranged from 26% low to 156% high, and the industry 
errors ranged from 25% low to 162% high. Though the error ranges are the 
same, the EPA estimates tend to be more accurate than those of the regulated 
industries. PHB did not attempt a detailed analysis of the factors and as- 
sumptions that led to the overestimates of costs ex ante. Furthermore, this 
study was performed at an industry-wide level and provides no guidelines or 
rules of thumb for correcting a static cost estimate to account for innova- 
tion and learning for a particular technology or a particular pollution con- 
trol regime. While systematic prediction of technological advance is not 
possible (and may never be), it would appear to be important that more work 
be done to understand the relationship between compliance costs and the na- 
ture of the regulation, the regulated industry, and its technology. 


4.2 Aggregating Costs Across Firms 


Once cost estimates have been made for model plants at some level of accura- 
cy, the regulatory cost analyst must aggregate them across all the firms 
now in, or likely to enter, the industry. This subsection addresses several 
issves that must be considered in aggregating such costs. 


4.2.1 Projecting Compliance Levels 


In the case of command and control regulations for air and water pollution 
and solid waste, it is inadequate to assume for purposes of either effective- 
ness (benefits) analysis or cost analysis that all the firms in the industry 
are or will be in compliance with the regulation at a particular time. Since 
most environmental control regimes involve State and local enforcement, the 
pattern of compliance depends on the vigor of enforcement within the various 
State and local jurisdictions. Furthermore, States and localities are likely 
to give variances to noncomplying firms as a way to take into account the 
financial conditions of the firms or other extenuating circumstances. 


Firms will adopt a variety of postures with respect to the risk of detection 
of violations and the severity of the consequences of detection. Since the 
performance of any item of process equipment, including pollution control 
devices, is characterized by a probability distribution, there is always 
some probability, however small, that a firm will be found not to be in com- 
pliance at a particular time. Since greater equipment reliability and a 
consequent higher probability of being found in compliance generally costs 
more, a firm obviously faces a tradeoff between the costs of compliance and 
the costs of a vioiation. 


Clearly, the extent of compliance resulting from enforcement behavior and 
firm strategies will influence the aggregate costs of compliance with a new 
regulation. Unfortunately, there are very few data on compliance levels 
and no general models for forecasting them. This is an area where there is 
a great need for more study. 


52 


BEST COPY AVAILAEL® 


4.2.2 Model Plants and Industry Diversity 


The population of model plants for which cost estimates are made must be a 
fair and accurate representation of the relevant population of actual plants 
in the industry. For a regulation that aprlies to existing plants, the rele- 
vant population is, of course, the set of existing plants, less any that 
are expected to close for reasons unrelated to regulation before the regula- 
tion takes effect. For a requirement that applies to new plants, the analyst 
must anticipate the sizes and locations of plants that are likely to be built 
during the period for which the regulation is in effect and to which the 
analysis applies. In the latter case, the analyst must talk with a diverse 
set of students of the industry to obtain a set of scenarios for the future 
development of the industry. 


The total costs for an industry in the aggregate, as obtained from model 
plant calculations, must be modified to account for such local factors as 
the prices of inputs in local markets, and for additional costs due to bad 
weather, water shortages, the conditions of soils for solid waste disposal, 
and so on. An accurate estimate of the cost of a regulation for an industry 
must take into account these local circumstances, as well as the enforcement 
and compliance expectations. 


4.2.3 Quantity Discounts 


In estimating the costs of any pollution control device, one must take into 
account the number of such devices to be purchased by each firm. As noted 
above, the simultaneous purchase of a larger number (compared with the total 
market) of devices to comply with a new regulation may shift the demand curve 
upward and thus increase the price that has to be paid by each of the regu- 
lated firms. On the other hand, list prices of standard equipment such as 
pumps, piping, or measurement devices may be discounted to large purchasers. 
Thus, one must take into account the total number purchased, the scheduling 
of purchases, and the pricing policies of the suppliers to get an accurate 
cost estimate. 


5.0 Other Considerations in Cost Analysis 


A fair and accurate analysis of the cost imposed on an industry by any par- 
ticular regulation must take into account several other considerations dis- 
cussed in this section. 


5.1 Selecting an Appropriate Baseline for Comparison 


The cost of any regulatory requirement is the cost of achieving some new 
state of industrial performance as compared with some other state. Thus, 
it is important not only to estimate appropriately the cost of the regulated 
state but also the cost of the state of nonregulation or alternative regula- 
tion. Several issues regarding the choice of an appropriate baseline for 
comparison have been discussed in connection with the analysis of benefits 
of regulation by Hattis and Ashford (CPA, 198l--see also Ashford et al., 
1980) and they apply to cost analysis as well. 
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First, if a proposed regulation is not promulgated, other forces will often 
cause the polluting industry to achieve some level of environmental control. 
These include voluntary action to improve the firm's image, to recover valu- 
able components of the effluent, or because of a felt corporate responsibil- 
ity; the impact of political pressure by affected communities; the threat 
of future regulation; private legal actions brought under the common law to 
control the effluent; and spillover effects from other regulatory regimes 
that cause the industry to achieve some level of control. If any of these 
corollary forces is in operation, it is not appropriate to assume that a 
cendition of unrestrained emissions is the baseline against which to compare 
the regulated one. Instead, the analyst must examine these other forces 
and estimate the costs industry is likely to incur in response to them in 
the absence of the proposed regulation. Only these incremental costs should 
be counted. 


Second, there is the problem of what to do about costs when compliance with 
a pre-existing regulation is not complete. Hattis and Ashford have discussed 
this circumstance in some detail in connection with the analysis of regula- 
tory benefits. In parallel with their discussion, it would appear to be 
technically and politically correct to assume that the costs of compliance 
with an additional regulation are represented by the difference between the 
cost of compliance with the new standard and the cost of compliance with 
the old standard. Any costs that should have been incurred to go from the 
current state of noncompliance to compliance with the pre-existing regulation 
should not be attributed to the new regulatory requirement. Similarly, of 
course, the cost of the new regulation should be based on a realistic assess- 
ment of the degree of compliance with it. (See Section 4.2.1) 


5.2 Spillovers to Other Regulations 


The existence of other supplementary or complementary regulations on an in- 
dustry can affect the cost of compliance in at least two ways. For example, 
an air pollution standard may require changes in an industrial process that 
can conflict with or support other changes required to meet water pollution, 
solid waste, or occupational standards. 


When complying with one regulation also causes a firm to comply with some 
other existing or proposed regulation, the costs of compliance should be 
allocated between the two regulatory regimes. This avoids double counting 
of costs and reflects a more accurate cost for the regulation under 
consideration. 


In some circumstances the requirements of two or more coexisting regulations 
are incoherent and create costs of overlap. That is to say, regulation A 
might cost $1 million alone and regulation B might cost $2 million alone 
but the combination of A and B might cost $4 million. (See for example, 
Lave, 1981.) In such a case, the regulator may wish to examine alternatives 
to the regulatory designs that avoid creating an extra cost of incoherence. 
If such extra costs are unavoidable (such as when recovery of an air pollu- 
tant creates a new source of polluted water), it is necessary to allocate 
part of the extra costs of compliance to each of the two requirements. How- 
ever, one should also take care not to base estimates of the costs of 
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incoherence on the cost tradeoffs implied by the performance of existing 
technologies--a conceptual limitation of the Lave paper. Instead, the threat 
of incoherence requirements may be a stimulus for firms to seek new technolo- 
gies that avoid the costs of tradeoffs along existing performance functions. 


5.3 The Treatment of Joint Costs for Compliance and Protection 


Frequently, changing a process technology for the purpose of regulatory com- 
pliance provides an opportunity for the firm to improve the productivity, 
performance, or cost uf the regulated technology for ordinary business pur- 
poses. The new investment that was stimulated by the regulation may actually 
create an overall cost savings for the firm. (See Hill, 1980, and Royston, 
1980.) In such cases, the cost of regulation should be only any marginal 
costs created by the regulatory requirement and not the full cost of the 
new production equipment or even the full cost of compliance to the extent 
that it has been offset by benefits gained by improved productivity. 


5.4 -Social Versus Private Costs 


This paper is almost entirely concerned with the private costs to firms of 
complying with regulations. It is beyond its scope to delve into the rela- 
tionship of these private costs to the true social costs of regulatory com- 
pliance. To be meaningful, cost/benefit analysis must be based on true so- 
cial costs and benefits, not on private costs and benefits alone.* For ex- 
ample, such matters as subsidies for regulatory equipment and special tax 
treatment of compliance investments under the Internal Revenue Code do not 
change the true social costs of compliance, even though they may reduce the 
apparent private costs to the firm. 


The regulatory cost increases faced by a firm are not paid by that firm, 
when they can be passed backward to suppliers or forward to consumers. Thus, 
the total social costs can exceed the costs paid by the regulated firm. 

The ability to make such cost transfers depends on the elasticities of supply 
and demand and the competitive conditions of the market within which the 
regulated firm sells. Analyses of these cost transfers are, of course, at 
the heart of modern welfare economic analysis. What is striking in examining 
the literature on welfare analysis applied to pollution control is that wel- 
fare analysts frequently apply sophisticated welfare considerations to naive 
estimates of private costs given by engineering cost analysis. (Similarly, 
of course, the engineering cost analysis rarely pays attention to welfare 
considerations, not even to externalities.) We have encountered no instance 
of regulatory analysis in which both the engineering cost analysis and the 
welfare analysis reflect the best of both fields. 


*An example of not considering adequately the difference between private 

costs and social costs is the idea for a national “regulatory budget" that 
would set a cap on the annual imposition of private costs by regulation. 

(DeMuth, 1980) From a utilitarian (social cost/benefit) perspective, the 
regulatory budget makes no sense. The issue is not private costs alone, 

but the net of social benefits over social costs. 
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6.0 The Effects of Regulatory Design on Compliance Costs 


The first objective of any environmental regulation is to reduce risks and 
control hazards to human health and to the natural environment. However, a 
responsible regulator would also like to control such risks at the lowest 
cost to society. Within the limitations noted in Section 5.4 regarding so- 
cial vs. private costs, this generally translates to the goal of controlling 
risks at the lowest cost to the regulated industry. This section considers 
how the design of a regulatory regime can affect the costs of compliance. 
It considers both command and control regulations that set standards for 
design or performance of technologies, and economic incentive regulations 
that are intended to influence the behavior of polluters by increasing the 
costs of polluting. 


Minimizing the cost of a regulatory requirement can be considered in both 
Static and dynamic frameworks. From a static perspective, one chooses a 
regulatory approach that creates the lowest possible cost while achieving 
the desired level of control. From a dynamic perspective, however, one hopes 
to create incentives for both continual cost reduction and continual improve- 
ment in the degree of control over time.* One example of an existing regula- 
tory regime that achieves a degree of dynamic performance is the prevention 
of significant deterioration (PSD) provisions of the Clean Air Act. Effec- 
tively, as the available increment is consumed the PSD provisions set ever 
tighter standards of performance for polluters in each attainment region. 
Likewise, the emission offsets provisions now being implemented by EPA, to 
provide the opportunity for continued industrial development in nonattainment 
regions, require each new polluter to achieve a better level of emissions 
performance than the pre-existing plants from which offsets are obtained. 
Both of these approaches have the virtue of providing an incentive for steady 
improvement and thus encourage innovative approaches to environmental controls. 


6.1 Command and Control Regulations 


Both the institutional arrangements and the structural details of a command 
and control regulation affect the costs to regulated firms and their propen- 
Sities to innovate. 


6.1.1 Institutional Aspects of Command and Control Regulations 


Congress occasionally sets regulatory standards itself, as in the passenger 
vehicle emission standards under the mobile source provisions of the Clean 
Air Act. However, the vast majority of standards setting is delegated to 
administrative agencies, as in the stationary source provisions of the Clean 


*Clearly, as the overall productive activity in the economy and the associ- 
ated potential to pollute grow, achieving and maintaining a desired level 

of public health protection require continual improvement in environmental 
control techrologies. Thus, the Nation's environmental objectives must be 
dynamic in the long run. 
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Air Act, the effluent standards under FWPCA, and the hazardous waste manage- 
ment standards under RCRA. It is generally believed that Congressionally- 
established standards provide a regulated industry with greater certainty 
about the emission levels to be achieved, but that they do so at the expense 
of a less careful consideration of the detailed tradeoffs between control 
levels and costs in particular industries or locations. However, experience 
with the frequent changes in the mobile source standards suggests that, if 
anything, Congressionally-mandated standards may be more erratic and uncer- 
tain than agency-promulgated standards. If this is generally true, then 
Congressionally-mandated standards can be expected to create high static 
costs and not take advantage of the dynamic effects of learning, since the 
control target will change frequently. More research is needed on the rela- 
tive cost and innovation impacts of Congressional and agency standards. 


The roles of the various levels of government in a regulatory regime also 
affect its costs. If nationwide standards are set at the Federal level and 
enforced by Federal agents, there is less chance that compliance requirements 
can be tailored to meet local conditions, and static costs will be higher 
than if standards are set and enforced locally. On the other hand, national 
standards help aggregate the market for pollution control equipment and make 
it more likely that learning and innovation will reduce overall costs of 
compliance over time. We are unaware of empirical studies of the tradeoff 
between these two effects on costs. 


Government support of research and development for compliance purposes may 
help to reduce the costs of compliance by making cheaper technologies avail- 
able to the regulated industry. On the other hand, from a dynamic point of 
view, heavy support of R&D by Government may undercut the private innova- 
tive efforts that might otherwise take place and thus weaken the incentive 
for private firms to develop better technologies. Furthermore, some of the 
incentives present in publicly-funded R&D programs emphasize incremental 
improvements in existing technologies and discourage the risk-taking needed 
to make major technological advances. These incentives include the paradigm- 
bound peer review system, the fact that funding agency managers are not re- 
warded for major advance but are penalized for failure, and the proper demand 
for high accountability in spending the public's funds. Thus, while R&D 
support might appear to be desirable at first, it may be better for Govern- 
ment to enforce standards vigorously and to reduce its involvement in R&D 
funding to the level necessary to maintain agency staff capability, identify 
new problems, and develop controls only for fragmented or marginal markets 
of high social value. 


Government can help ensure markets for major new pollution control techno- 
logies if it structures regulations to require the use of best available 
technologies, rather than to achieve a particular standard of performance 
at a point in time. However, in requiring best available technology, it is 
important not to create disincentives for industry to develop new technolo- 
gies. For example, if firms know that any better technology will have to 
be used in all of their facilities, they may avoid developing and promoting 
better control technologies. Thus, “best available technology” can not be 
taken literally by regulatory agencies. Similarly, a Government mandate to 
license control of technology patents to competitors, in order to facilitate 
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the diffusion of new control technologies, may weaken the financial incen- 
tives that encourage firms to develop improved control technologies. 


6.1.2 Structural Details of Command and Control Regulations 


The type of standard influences costs, cost analysis, and innovation. Design 
standards, which specify the methods to be used to reduce pollution, provide 

the most easily assessed costs since the analyst can describe the technology 
that is to be costed.* Enforcement costs are substantially lower than for 
performance standards, because once an inspector learns about the design, 
inspections consume less time than is needed to measure performance.** How- 
ever, in principle compliance costs are expected to be high for design standards. 


Performance standards, which specify only the allowable emission levels, 
allow use of various technologies to reach the goal of the regulation and, 
in principle, allow for achieving lower compliance costs than design stand- 
ards, in both static and dynamic terms. Performance standards make the job 
of the regulatory analyst in calculating compliance costs more difficult, 
because the analyst must examine all possible approaches and forecast which 
firms will employ each of them. There is no practical way to undertake a 
comprehensive analysis of the cost of a performance standard unless the re- 
sponses of all firms are assumed to be similar. If different control systems 
are used to meet performance standards, inspectors may have a difficult time 
determining compliance, and administrative costs will be high. 


It is generally believed that performance standards are better than design 
standards for encouraging the development and adoption of better pollution 
control technologies.*** The argument is that a performance standard allows 
industry greater latitude for creative response to regulatory requirements. 
However, the structure of the regulated industry can modify this general 
conclusion. For example, some polluting industries are highly fragmented, 
consisting of many small firms whose production technologies differ only 
slightly. Such firms do not have the resources necessary to take advantage 


of the flexibility of performance standards. In fact, the testing and 


as 


*“ This is not to suggest that the ease of analysis should lead society to 
favor design over performance standards, but only that a regulatory decision 
procedure based on cost/benefit analysis will unduly favor design standards. 


**Frequently, regulators have chosen design over performance standards on 
effectiveness grounds, arguing that enforcing performance standards in the 
field can be impossibly costly, time-consuming, or hazardous. Examples can 
be found in areas as diverse as building codes and hazardous cargo regula- 
tions in coastal shipping. 


***The distinction between design and performance standards is not so clear 
in practice. Often, agencies describe at least one design that will be 
acceptable in meeting a performance standard. Also, actual standards are 
often a hybrid of design and performance types. 
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evaluation necessary to meet a performance standard may impose a higher cost 
burden on such firms than simply defining compliance for them as the adoption 
and use of technologies of specific design. Furthermore, if such industries 
can use a standard design, this may allow the firms who supply those designs 
to learn and to sell a large enough number of units to support an R&D effort 
to improve the performance or reduce the cost of those control technologies. 
On the other hand, performance standards can be more effective and impose 
much lower costs for industries that are in a stage of rapid growth and de- 
velopment and whose basic process technologies are evolving rapidly.* 


The detailed structure of a regulatory standard can influence the reliabil- 
ity, and therefore the redundancy and capacity of control systems required 
for compliance. Air and water quality standards are usually structured in 
terms of the maximum allowable number of exceptional episodes per year. 
For example, a particular level of emissions might be allowed to be exceeded 
only for 4-hour periods, three times a year. It may make a large difference 
to the compliance cost whether a given level can be exceeded for 4 hours or 
6 hours, or whether it can be exceeded twice a year or five times a year. 
The influence of this design parameter on cunpliance cost depends on the 
probability distributions of the performance of the production technology, 
the control technology, and the monitoring and enforcement mechanisms. 
Against such cost considerations must be traded off both the public health 
implications of allowing variances from the standard, and the implications 
of such reliability distributions for the operational practices adopted by 
firms. Operational practices can be important if the firm takes advantage 
of an exception provision of a standard to periodically clean dirty items 
of equipment or to adopt a generally lower standard of care. 


Finally, the timing and phasing of regulatory requirements may have a large 
effect on the propensity and ability of regulated firms to learn or to inno- 
vate in order to reduce compliance costs. If the time allowed foc compliance 
is too short, the regulation will induce adoption of end-of-pipe approaches 
that result in no significant change in operating procedures, except that 
a system that may interfere with the production process may be attached to 
the end of an emission pipe. End-of-pipe approaches, which often appear to 
be the least expensive approach in the short run, can easily be assessed by 
cost analysts, but they often create unexpected problems for the process. 
The hidden costs of end-of-pipe approaches are that they often fail to 
achieve the objective, require substantial maintenance, and are viewed as 
"that mismatched stuff at the end of the pipe that screws everything up." 


On the other hand, longer compliance delays thac allow adequate time for 
major changes in processes and control technologies do not disrupt normal 


*Such innovative industries can pose special problems for responsible regula- 
tion, if unnecessary inhibition of desirable innovation is to be avoided. 
See, for example, Hill, Andrews, Frenkel, et al. (1980) and the synfuels 
regulation strategies discussed by the EPA/DOE Interagency Energy/Environment 
Task Force. 


behavior, but also may not impress the firm as serious. If it is not per- 
ceived as serious, as the deadline for compliance approaches the effective 
time for compliance becomes short and add-ons again dominate. While longer 
delays provide the opportunity for technological innovation, small innovators 
and new entrants can not undertake a technically risky project if potential 
rewards are years away. Of course, longer compliance delays also mean that 
the hazard persists and continues to threaten injury and impose costs. 


Phasing of a standard, which is intended to achieve some control while major 
improvement is worked on, can induce the same sort of behavior as a short 
compliance time. Furthermore, each step of a phased-in regulation requires 
a marginal reduction in emissions, which is met by marginal technical change. 
Again costs are lower in the short term. But if they fail to align techni- 
cally with evolving market trends, marginal changes can be expensive ap- 
proaches for the firm and society. 


The response of the automobile industry to the Clean Air Act requirements 
provides a good example of this problem. (Kagan, 1979) At each step of 
the phased-in Clean Air Act requirements the auto companies made another 
marginal change. The concept of major technical change to meet evolving 
market needs for low emissions and high fuel economy was not widely accepted 
until the late 1970s. The U.S. automobile industry is now paying the cost 
of its earlier narrow view of compliance by having to engage in crash pro- 
grams to meet regulations and market demands. 


In a recent study of the response of the foreign automobile industry to U.S. 
regulatory requirements, we found that the Swedish automobile companies, 
SAAB and Volvo, made especially creative responses to U.S. air pollution 
control requirements early in the cycle of phased standards under the Clean 
Air Act because they felt unable to cope with a frequently changing standard 
in a marginal way. (Hill and Andrews, 1980) Early in the game they devel- 
oped and adopted a technology that would be able to achieve the ultimate 
levels of control expected under the Clear Air Act, a technology using a 
3-way catalyst, oxygen sensor, and microprocessor feedback control of fuel 
and air supply using fuel injection. They were unable to take advantage of 
the phased-in application of standards under the Act and took the chance on 
making a major advance instead. From their perspective, it was fortunate 
that they succeeded. 


More generally, regulatory requirements that are tightened in successive 
steps over time may work against learning and technological innovation by 
the regulated industry and its suppliers. The regulated firms may find them- 
selves so busy coping with the immediate requirements of marginally improved 
performance that they can never turn their attention to making the kinds of 
major changes that would allow them to meet future requirements at lower 
costs. On the other hand, firms may choose to delay compliance with major 
changes in the hope that the regulation will be rolled back or that another 
firm will develop a cheaper compliance technology in the interim. There is 
a need for further research to understand the relationship between timing 
and phasing of regulations and industry response. Such research should 
consider the industry response not from a static economic perspective, but 
from the perspective of the strategic games that are played by firms and 
by regulators. 
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6.2 Economic Incentive Regulation 


The last several years have witnessed a growing interest in the substitution 
of economic incentives for command and control regulations in circumstances 

where such incentives as pollution taxes or fees can effectively influence 

firm behavior to meet social goals. Economic incentives for pollution con- 

trol migitt also be created by establishing a market in the right to pollute, 
as with transferable discharge permits. 


The siatic rationale for these approaches, derived from the theory of exter- 
nalities, suggests that a tax or effluent fee might be used to internalize 
the costs of environmental degradation, thus causing firms to reduce those 
costs by controlling their effluents. The dynamic rationale for the economic 
incentives approaches is that they provide a continuing incentive for techno- 
logical improvement. From this perspective, it is not so much a matter of 
getting the externalities straight as it is of using economic incentives to 
encourage more rapid and continuing improvement in environmental performance. 
To date, little research has been done to design optimal strategies for using 
economic incentives to encourage continuing improvements in pollution con- 
trol. (Nelson, 1978, and Klein, 1981) Nearly all the existing discussion 
considers the pros and cons of economic incentives in a static, externalities 
framework. (Oates and Baumol, 1975; Anderson et al., 1977; Kneese and 
Schultze, 1975) 


From the perspective of the regulatory cost analyst, economic incentive 
programs would be more difficult to assess than command and control pro- 
grams. For the latter, the cost analyst can specify with some certainty 
what the industrial repsonse is likely to be, assuming good faith compliance. 
The analyst does engineering cost analysis for existing technologies, per- 
haps modified by whatever he is able to judge about the dynamics of learning 
and innovation. 


On the other hand, for economic incentives one must first estimate what the 
response of the regulated industry might be to, for example, an effluent 
fee, a marketable permit system, or a pollution tax. This requires not only 
an estimate of the cost of achieving a particular level of control, but also 
an estimate of the costs of a range of levels of control as the basis for 
generating a supply curve for environmental control. The analyst must then 
identify the technologies and performance levels for which the marginal costs 
of control are just equal to the marginal savings from avoiding the pollution 
fee for each real or model plant. Fortunately, the analyst can assume that 
an effluent fee or pollution tax sets an upper bound on the cost of regula- 
tion to industry, since no rational firm would control its effluents to a 
level that would cost more than paying the fee. However, other more complex 
economic incentive approaches such as marketable permits or auction systems 
provide serious conceptual and practical difficulties for the regulatory 
analyst, since he can no longer fall back on the size of the effluent fee 
or tax to establish the maximum cost of compliance. The analytic problems 
with these approaches, which derive from their virtue that they encourage a 
diverse response, may effectively preclude systematic decisionmaking based 
on formal cost/benefit analysis for such purposes as setting emission fees, 
determining the initial price of transferable discharge permits, or 
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determining the optimal numbers of such permits to be issued. (The latter 
problem would remain, even if the permits were initially auctioned. ) 


These observations suggest that the choice between command and control and 
economic incentive regulations by the legislature may reflect the legisla- 
tors’ preferences for the allocation of uncertainty. For example, for an 
effluent fee approach one is very uncertain about the proper fee, the tech- 
nological response, and the benefits of pollution control; but the fee sets 
a known limit on the regulation's cost and makes enforcement using the tax 
collection system relatively straightforward. By contrast, a performance 
standard offers less technological uncertainty and greater certainty of 
achieving a particular level of control, but offers great uncertainty about 
compliance costs and makes enforcement complex. Also, as noted by Kneese 
and Schultz (1975), there are circumstances in which equities and technical 
realities limit the application of the economic incentive approach. Mixed 
approaches may offer the best balance of achieving environmental goals and 
controlling regulatory costs. These include such tools as bubbles, offsets, 
and noncompliance penalties pegged to cost savings or benefits foregone. 
While these offer the potential for technological improvemeut, no empirical 
research has yet been done to evaluate the impact on innovation of the mixed 
approaches that are curently being tried. 


7.0 Findings and Conclusion 


7.1 Regulatory Cost Analysis 


In view of the statutory and Presidential demands for basing regulatory deci- 
sions on analyses of their costs and benefits, it is imperative that their 
costs and benefits be assessed accurately and fairly. 


Currently, the costs of proposed regulations are assessed using methods of 
cost engineering that have been developed for entirely different purposes. 
These methods are not appropriate for regulatory analysis. Their use causes 
a systematic overstatement of the ex ante costs of regulatory proposals. 


Cost engineering has evolved as a method for guiding individual firms in 

making private investment decisions about technologies with performance pa- 
rameters and design characteristics that are well known or that can be pro- 
jected within reasonable limits. Cost engineering is inherently a static 

mode of analysis that does not account for change. 


Environmental regulation, on the other hand, is intended to cause firms in 
an industry to change the technologies they use so as to control the risks 
they pose to human health and environmental quality. Assessing the costs 
of making such changes inherently requires a dynamic mode of analysis that 
can account for change. 


The regulatory analyst and the regulatory decisionmaker are likely to be 
most certain about the costs of the least-creative and highest-cost environ- 
mental controls, and are likely to be least certain about the costs of the 
most-creative and lowest-cost approaches. Until considerable additional 
research is done to compare ex ante and ex post estimates of the costs of 
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regulatory compliance, it is unlikely that there will be any basis for esti- 
mating the impacts of learning and of innovation on compliance costs in a 
rational way. To the extent that regulatory decisions are based on cost/ 
benefit analysis, currently-used methods of cost analysis will lead to inade- 
quate control of environmental hazards. 


7.2 Research Needs 


Despite a decade of theoretical analysis, case studies, and modeling efforts, 
there is surprisingly little systematic understanding of how technological 
change and the learning curve phenomenon influence the costs of firms’ adap- 
tation to a changed economic or regulatory environment. The regulatory ana- 
lyst, faced with the practical problem of advising a regulatory decisionmaker 
about the economic consequences of a proposal, has nowhere to turn for guid- 
ance in doing proper analyses other than the fragmentary anecdotal literature 
of the type «cs‘ewed in this paper. If static engineering cost analyses 
are inadequz., and inaccurate, can they be brought into line by applying a 
"correction factor” that varies in a systematic way with characteristics of 
the regulated industry, its markets, its technology, and the design of the 
regulation? Or, is some entirely different mode of forecasting wore likely 
to be useful? 


Since regulatory analysis is now firmly established as a policy, if not in 
concept or detail, there is an urgent need to learn how better to analyze 
and project regulation's consequences, both its costs and its benefits. 
Interestingly, both the costs and the benefits depend critically on the na- 
ture of the industrial response to regulatory requirements, both in terms 
of compliance behavior and in terms of the technologies that are developed 
and adopted to achieve compliance. 


This paper has identified a number of research areas that are worthy of fur- 
ther study, not only for the immediate purpose of improving regulatory cost 
analysis, but also to improve the design of regulation and to enhance our 
understanding of the technological response of industry to all types of 
changes in its environment, including regulation. The following topics stand 
out as research needs: 


1. Extend existing models of the impact of regulation on technological inno- 
vation, based on behavioral theories of dynamic response. 


2. Document and analyze the responses of a variety of industries and firms 
to regulatory requirements, with emphasis on the nature, sources, and costs 
of compliance technologies; on cost reductions due to learning and innova- 
tion; and on organizational and strategic change. 


3. Compare and contrast ex ante estimates of compliance costs with the ex 

post findings of carefully conducted case studies, at a level of disaggrega- 
tion that would allow for testing a model that takes into account the nature 
of the regulated technology, the structure of the industry, the severity of 
the problem, and the details of the regulatory stimulus. 
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4. Use the results of studies of type 1, 2 and 3 to develop or improve meth- 
ods of ex ante engineering cost analysis that account for learning and inno- 
vation in a reasonable way. 


5. Develop a data base and models that can be used to forecast regulatory 
compliance levels under various circumstances. 


6. Do case studies to build a data base on the effects of the institutional 
and design aspects of command and control regulations on the technological 
responses of firms to regulation. 


7. Expore the possibility of fundamental new approaches to environmental 
regulation that create strong incentives for reducing both hazards and com- 
pliance costs. While economic incentives may be one such approach, they 
need further study and experimentation to determine how best to structure 
them. Combinations of regulatory sanctions and incentives such as noncor 
pliance fees, “bubbles,” and offsets should also be considered further. 


It is important that studies in these area involve several disciplines, in- 
cluding engineers, economists, cost engineers, behaviorists, and regulatory 
specialists. Traditional static economics and traditional cost engineering 
have not adequately addressed the issues raised in this paper, and they are 
unlikely to do so alone in the future. Thus, interdisciplinary research 
should be encouraged. 


It is not appropriate to recommend a prioritization of the research topics 
listed above--instead, a mix of activities is needed. Three blocks of activ- 
ities appear to make up a coherent program that attacks the immediate need 
for better regulatory analysis, while providing the basis for long-term im- 
provements in regulatory design and analysis. For example, topic (4) studies 
should begin at once, though topics (2) and (3) are logical percursors to 
(4), and topic (1) to topics (2) and (3). I would recommend, however, that 
one block of resources be devoted to "fundamental" studies on topics (1) 
and (7) together; another block to “applied” studies on topics (2), (3), 
and (4); and another block to “applied” studies on topics (5) and (6). Allo- 
cation of research monies to such blocks at a high level would avoid the 
tendency of short-term projects to crowd out long-term, more risky and funda- 
mental projects when they must complete one-on-one for support. 


Finally, it is important to note that a similar, if not longer list could 
be created for research needs and opportunities on regulatory effectiveness 
and benefits assessment. These are equally worthy of research support. 
The analysis of technological change, or “dynamic economics," unlike static 
economics and classical physics, is guided by neither a maximizing principle 
nor a conservation law. As in many other fields that study growth and 
change, students of technological innovation must depend on heuristics and 
extensions of static concepts to guide their work. Perhaps a "non-equilib- 
rium economics” will emerge to play the same role in guiding economic thought 
beyond statics as has non-equilibrium thermodynamics in guiding thermodynam- 
ics into the realm of change. In the meantime, the fact that studies of 
change are challenging and uncertain does not mean that change can 
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legitimately be ignored, even in the relatively narrow field of regulatory 
analysis. For to ignore dynamics in human affairs is to ignore that which 
distinguishes us from the rest of nature--the ability to consciously change 
in response to our surroundings and to each other. 
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1.0 Introduction 


The U.S. economy has changed in a number of ways over the last 10 years. 
One of the important changes has been the extent to which certain kinds of 
activities have come to be circumscribed by Federal regulations. These regu- 
lations extend from limitations on the discharge of air and water pollutants 
and permissible concentrations of harmful substances in workplaces to re- 
quirements governing the hiring and firing of employees. In both breadth 
and intensity, Federal regulation has become more pronounced. 


But how much more pronounced? This is a difficult question to answer because 
we often do not know how much regulation costs affected individuals, firms, 
and governmental units. These costs of regulation are one--but certainly 
not the only--important measure of the scope and impact of regulation on 
the economy. One reason we lack such a measure of the cost of Federal regu- 
lation is that the expenditures necessitated by regulation do not pass 
through the Federal budget. That is, EPA does not install flue gas scrubbers 
on electric power plants or build cooling towers at these facilities to ease 
thermal water pollution. Rather, they require these expenditures of private 
firms and there is very little Federal accounting of the expenditures made 
by regulatees, either public or private. 


This paper is concerned with the estimation of the costs incurred by the 
private sector in complying with Federal environmental regulation. Its pur- 
pose is not to develop new estimates of these costs or to critique in great 
detail existing methodologies. Rather, our primary purpose is to discuss 
briefly the pros and cons of existing approaches to compliance cost estima- 
tion, outline several new and more comprehensive methodologies, and discuss 
the problems that would be encountered in trying to put these approaches 
into practice. 


In Section II we indicate several reasons why compliance cost information 
is important, and draw several semantic distinctions it is important to bear 
in mind when thinking about such costs. Following that, we discuss a number 
of ongoing attempts to estimate the expenditures in previous years on envi- 
ronmental regulation; we also discuss several new ways in which inferences 
can be drawn about prior pollution control spending. Next, in Section II, 
we take up the ex ante estimation of industrial compiiance costs. That is, 
we look at ways in which prospective rather than existing regulations can 
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for the Future (RFF), and Visiting Assistant Professor of Economics, Univer- 
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be expected to affect the private sector. In Section IV we discuss the cur- 
rent method of forecasting compliance costs (which we refer to as the "input 
cost accounting approach"), as well as several more sophisticated methodolo- 
gies to determine these costs, including engineering process models and neo- 
classical econometric models. A final section, Section V, touches on the 
practical prospects for improving compliance cost estimation in the ways we 
have suggested. 


2.0 Why Estimate Compliance Costs? 


Given the difficulties in identifying and quantifying them, one might ques- 
tion the need for more accurate estimates of environmental compliance costs. 
There are three reasons it is important to know these costs. First, and 
most simply, cost-benefit analyses of Federal regulatory programs are im- 
possible without accurate estimates of environmental compliance costs. These 
cost-benefit analyses are in turn important because, when properly done, 
they can assist in identifying areas where additional regulation may do more 
harm than good, and areas where additional regulation will improve the allo- 
cation of resources resulting from the unaided private market. Efficiency 
in the allocation of resources is not the only economic goal of Government, 
of course. Economic policy is designed to address both macroeconomic stabil- 
ity as well as the distribution of income. Nevertheless, efficiency in re- 
source allocation is one very important goal, arguably the principal reason 
for the creation of federal regulatory agencies. 


Accurate compliance cost estimates can do more than contribute to sound bene- 
fit-cost analysis, however. They can also be used to make inferences aboyt 
the macroeconomic consequences associated with environmental regulation. 
That is, compliance cost estimates can be used in a number of ways to help 
determine the effects of regulation on the price level, the unemployment 
rate, the rate of economic growth, the balance of trade, the levels of 
investment and productivity, and other indicators of aggregate economic 
activity. Thus, compliance cost estimates are essential to understanding 
both the allocative as well as the cylical or countercyciical effects of 
environmental regulation. 


Finally, accurate estimates of environmental compliance costs are essential 
if the costs imposed by regulatory agencies are ever to be subject to the 
same kinds of controls imposed on the direct spending of the various depart- 
ments of the Federal {and other levels of) Government. To elaborate, some 
students of regulation have proposed that EPA and other regulatory agencies 
be subjected to a "regulatory budget" that would limit the annual total 
expenditures each could require public and private regulatees to make (in 
much the same way each of these agencies is currently limited in what it 
can spend for salaries, rent, travel, consultants, and so forth). Since 
no limit now exists, some critics of regulation argue, agencies have no 
incentive to limit their regulatory appetites and establish priorities among 
and within programs--in short, they have no incentive to think about new 
regulations in a way that is useful to society. 


But if such a regulatory budget were ever to be considered seriously, one 
thig is clear: It would fail if there were no way to assess with some 
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confidence the costs that regulated parties were forced to bear as a result 
of agencies’ regulations. For it is only by adding up these costs that one 
could determine whether or not an agency had exceeded its regulatory budget 
for the year. Unlike the direct expenditure budget, there are no cancelled 
checks that can be tallied at the end of the year to check on total, on- 

budget spending. Without an accounting system maintained by the regulatory 
agencies, an oversight body, and/or regulatees themselves, such an account- 
ing would be impossible and the regulatory budget virtually unenforceable. 


Thus, for a number of reasons it is important to have accurate information 
about the costs of complying with environmental regulation. Not only is 
such information essential to the analysis of the allocative, distributive, 
and macroeconomic effects of regulation; it is also a precondition for any 
type of new mechanism to control the costs that regulatory agencies impose 
on private and public parties. 


Before turning to ways these costs have been examined in the past, it is 
useful to discugs briefly the kinds of compliance costs referred to through- 
out this paper. The concept of costs appropriate to a benefit-cost analysis 
of environmental regulations is of course social opportunity cost. That 
is, all the productive opportunities that are foregone throughout the econ- 
omy as a result of a regulation (not just those foregone by the regulatee) 
must be included as costs of the regulation. These will generally be greater 
than, but may sometimes be less than, the expenditures made by firms in re- 
sponse to regulation. Nevertheless, for the purposes of this paper the 
terms "pollution control expenditures," “pollution control costs,” and “com- 
pliance costs" will be used more or less interchangeably. 


We also distinguish in this paper between direct and indirect costs. By 
the former we mean those associated with regulation that would show up in 
an accounting statement--purchases of capital equipment, expenditures for 
the materials and energy to run the equipment, labor to operate and maintain 
it, and resources devoted to the recordkeeping and other administrative 
requirements arising from regulation. Indirect costs are also very important 
consequences of environmental and «other regulation, but generally do not 
show up in the same way as direct costs. They include: (1) the diminished 
productivity that may result when regulations are imposed on private firms; 
(2) the reduction in innovative activity perhaps induced by regulation; and 
(3) the losses that result when regulation induces "upstream" or "downstream" 
changes in factor mixes that inhibit production, etc. 


None of these kinds of effects will appear on a balance sheet across from 
an entry indicating a regulatory requirement. Nonetheless, they are very 
important, so important, in fact, that one of us has argued that econmetric 
simulations of the effect of regulation on the economy cannot be takep too 
seriously for the very reason that they exclude these indirect costs. It 
is because of the importance of these costs that we suggest in a later sec- 
tion the use of more complicated models to determine compliance costs than 
have been used in the past. 
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3.0 Ex Post Estimates of Environmental Compliance Costs 


The most important use of compliance cost estimates is probably to determine, 
in advance of regulation, what would be the allocative and macroeconomic 
effects of the proposed rule. Nevertheless, we begin with a discussion of 
ex post estimates of the costs of complying with existing rules and regula- 
tions. There are a number of ways of determining past compliance costs; 
the problems encountered in these approaches foreshadow the difficulties 
that will arise in estimating the expected costs of proposed rules. Most 
of the ex post estimates are made using surveys of affected firms. 


3.1 Survey Estimates of Expenditures’ 


Considering their importance, there are surprisingly few comprehensive esti- 
mates available of past expenditures for pollution control. Sometimes the 
information that is available is conflicting or disparate. For example, 
both the Bureau of Economic Analysis (BEA) and the Bureau of Census within 
the Department of Commerce conduct annual surveys to determine expenditures 
on pollution control. Similarly, McGraw-Hill, Incorporated also surveys 
business annually to determine pollution abatement expenditures. Table 1 
compares estimates from these three sources of actual capital investment in 
pollution abatement control for 1978, and estimates from McGraw-Hill and 
BEA of planned capital expenditures for 1980. 
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Table 1. Estimatated Capital Expenditures for Pollution Control 
(millions of dollars) 


1978 ACTUAL 1980 PLANNED 
oe G). 2. 
Indu-*-~ McG-Hill BEA Census McG-Hill BEA 
Iron and steel 425 441 {793 1,069 638 
Nonferrous metals 293 247 285 285 
Other primary metals - 54 - 87 
Electric machinery 134 130 75 238 126 
Machinery 243 111 82 196 97 
Autos, trucks, parts 193 198 {140 162 311 
Aerospace 45 23 30 34 
Fabricated metals 137 - 189 - 
Instruments 58 - 146 - 
Stone 207 164 127 125 176 
Other durables 190 181 186 116 199 
Total durables 1,935 1,561 1,402 2,559 1,956 
Chemicals 547 565 842 762 476 
Paper/Pulp 274 239 342 473 300 
Rubber 100 58 28 201 58 
Petroleum 834 1,294 420 1,525 1,536 
Food/Beverage 309 172 185 181 150 
Textiles ~ 81 29 60 110 36 
Other nondurables 67 32 37 97 27 
Total nondurables 2,212 2,389 1,914 3,450 2,583 
Total 
manufacturing 4,147 3,950 3,316 6,009 4,540 
Mining - 511 206 109 171 
Railroads 54 36 53 32 
Airlines 20 15 97 13 
Electric utilities 2,791 2,472 3,615 2,558 
Gas utilties 60 35 61 44 
Commercial 512 
Commercial & other trans. {423 {220 93 {243 
3,859 2,974 4,539 3,161 
ALL BUSINESS 8 ,006 6,924 10 ,548 7,699 


"12th Annual McGraw-Hill Survey of Pollution Control Expenditures, May 14, 
1979. 


DGary Rutledge and Betsy O'Connor, "Capital Expenditures by Busines for 
Pollution Abatement, 1978, 1979, and Planned 1980," Survey of Current Busi- 
ness, June 1980. 


“Pollution Abatement Costs and Expenditures, 1978, U.S. Bureau of the Census, 
MA-200(78)-2, U.S. G.P.0., Washington, D.C., 1980. 
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13th Annual McGraw-Hill Survey. 
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As columns 1, 2, and 3 of the table indicate, there are considerable differ- 
ences among estimates, even with respect to actual or historical capital 
expenditures. For example, McGraw-Hill’s estimate of pollution control in- 
vestment in the machinery industry in 1978 is three times that of the Census 
Bureau, and more than twice that of BEA. Or the other hand, the Census esti- 
mate for investment in pollution control by the chemical industry is about 
50 percent greater than the estimates of either McGraw-Hill or BEA. BEA's 
estimate for petroleum refining is more than three times that of the Census 
Bureau, and is 50 percent higher than McGraw-Hill's reported total. Other 
differences in both individual industry and total estimates are clear. 


Given the discrepancies among estimates of historical expenditures for pollu- 
tion abatement capital, one might expect even more divergent estimates of 
planned future expenditures. Columns 4 an! 5 of table 1 confirm this suspi- 
cion. According to McGraw-Hill, total pianned capital expenditures for pol- 
lution abatement for all business in 1980 were $10.5 billion. This was 37 
percent more than BEA projected based on its survey of manufacturing and 
nonmanufacturing firms. For the electric utility industry alone, the McGraw- 
Hill and BEA estimates of 1980 investment in pollution control differed by 
nearly a billion dollars. 


There are two major reasons why these three sets of estimates diverge so. 
First, the Census Bureau surveys establishments or plants, while the BEA 
survey goes to firms. Hence, if a multidivision firm has operations in sev- 
eral different industries, all of its pollution control expenditures across 
all operations are attributed by BEA to its primary product. Thus, expendi- 
tures for pollution control in U.S. steel's paintmaking operations are 
recorded under "steel works" in the BEA survey. This accounts for some of 
the difference between BEA and Census. Second, the sample sizes used by 
BEA, Census, and McGraw-Hill differ. The Census Bureau surveys 20,000 plants 
to estimate pollution control investment in the manfuacturing sector. The 
Bureau of Economic Analysis surveys about 15,000 firms to prepare its esti- 
mate. McGraw-Hill, like BEA, bases its estimates on a sample of firms, yet 
they sample only 346--less than 3 percent of BEA's sample size. Hence, all 
three sources are trying to estimate national totals based on different sam- 
ple sizes, composition, and definitions. 


Several factors point toward possible upward bias of all three sets of esti- 
mates. Although the response rates for the McGraw-Hill and Census surveys 
are unknown, it is about 60 percent for BEA, of which at least some responses 
no doubt prove unusable. It is not unreasonable to expect that the firms 
that do respond to the survey are those that are spending considerable 
amounts on pollution abatement. If their experience is generalized to al) 
firms in an industry, the resulting estimates will be high. This will be 
particularly true in industries with both large firms and small firms. Since 
many regulations exempt firms below a certain size, the effect of environ- 
mental rules on all small firms taken could be negligible. Yet, if a number 
of small firms are treated as one big firm, estimates of their expenditures 
may be large. 


Second, some respondents can be expected to have difficulty determining which 
portion of capital and operating expenditures is due to pollution abatement 
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and which portion is made to improve normal operations and increase profit- 
ability. This joint cost problem is especially difficult when new facil- 
ities are constructed or existing ones are modified. The temptation in such 
cases is to err in the direction of large pollution control expenditures, 
creating a possible further upward bias to the estimates. Finally, although 
there is little evidence to support such a supposition, some firms may delib- 
erately report erroneously high numbers in an attempt to cast regulation in 
a bad light. 


There is another problem with the BEA, Census Bureau, and McGraw-Hill esti- 
mates. Not only are they of questionable value in estimating what they 
attempt to estimate, but that which they do estimate may not be what we are 
after. This is because the totals reported in the three surveys discussed 
above encompass pollution control spending that arises not only as a result 
of Federal environmental regulation, but also spending necessitated by State 
and local controls, and spending voluntarily undertaken (as for good will). 
In terms of the distinction drawn by the Council on Environmental Quality 
(CEQ), the surveys discussed above report total pollution control spending 
but do not separate out incremental spending (due to Federal regulation). 
This extends not only to estimates of annual capital expenditures but also 
to estimates of annual operating costs. 


The Census Bureau does try to eliminate one type of pollution control 
spending from their totals--that which results in the profitable recovery 
of byproducts. Their survey makes allowance for and deducts this offsetting 
revenue (see Item 5 in the survey and its explanation in the “specific 
instruction"). Nevertheless, even the Census Bureau survey lumps together 
pollution control expenditures made in response to local, State or Federal 
regulations and those expenditures made for good will. Thus, neither it 
nor the BEA or McGraw-Hill surveys are particularly useful in identifying 
pollution control costs that arise exclusively as a result of Federal 
environmental regulation. 


Even if the three surveys did isolate expenditures made in response to 
Federal regulation, they would not be ideal for the tasks at hand. This is 
because the surveys lump together all air pollution spending, all water pol- 
lution spending, and all spending om solid waste. That is, there is no way 
to differentiate the effect of air pollution controls in State Implementation 
Plans, for example, from those arising from new source performance standards, 
or from controls to prevent emissions into the atmosphere of hazardous air 
pollutants. Although survey estimates of aggregate spending necessitated 
by Federal regulation would facilitate macroeconomic analysis, they would 
still not be useful in evaluating the allocative effects of specific regula- 
tions. For this, estimates would be needed on a regulation-by-regulation 
basis. It is unlikely that large-scale surveys of the sort discussed here 
will ever provide such detailed information. 


Even when firms have been surveyed in considerably more detail, this latter 
problem has remained. The analysis performed by Arthur Agdersen and Company 
for the Business Roundtable (AA/BR) is a case in point. This study was 
billed as the most comprehensive analysis to date of the economic effects 
of Federal regulation on 48 major U.S. corporations. It included not only 
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environmental! regulation, but also occupational safety and health controls, 
affirmative action requirements, energy regulations, Federal pension and 

retirement restrictions, and consumer protection requirements mandated by 
the Federal Trade Commission. 


Perhaps the most significant aspect of the AA/BR study is the methodology 
it employed. A conscious effort was made to isolate for the year in ques- 
tion, 1977, those expenditures that arose solely as a result of Federal reg- 
ulation. According to AA/BR, for example, the study excluded air and water 
pollution control expenditures that the reporting firms would have made even 
had these expenditures not been required by regulation. This should make 
their estimates very conservative. For instance, suppose no law prohibited 
the discharge of substance X into the air. A law is then passed which pro- 
hibits this discharge. One would assume that any costs associated with the 
control of X wovld be counted as incremental control costs. Not so in the 
AA/BR study. If a firm was controlling substance X to some degree prior to 
regulation, those costs are netted out of total control costs in calculating 
the incremental cost of complying with the regulation. (Figure 1 on p. 103 
illustrates the AA/BR methodology). 


There are several observations to be made about the AA/BR approach. First, 
it does improve in a couple of ways on the survey approach taken by BEA and 
the Census Bureau. Not only are incremental costs distinguished from other 
pollution control expenditures; also, it is somewhat easier to link incre- 
mental costs to specific regulatory requirements. For instance, the report 
targets particulate removal under State Implementation Plans as being expen 
sive (especially in relation to the amount removed). It also identifies 
the national ambient air quality gtandard for ozone as being expensive for 
the firms surveyed to comply with. 


Second, the AA/BR study is bedeviled by a problem that always crops up in 
attempts to isolate regulation-induced spending from that which would take 
place anyway. This problem arises because it is always difficult if not 
impossible to determine what a firm would have spent in the absence of a 
particular regulation. Since this varies from firm to firm--some would vol- 
untarily remove much more pollution than others, for instance--it is very 
difficult to extrapolate from a simple sample of firms (48 in the AA/BR 
study) to the economy as a whole. For this reason and several others, no 
economy-wide estimates of regulatory burdens in 1977 were hazarded by AA/BR. 


While understandable, this failure to generalize the findings from the 48 
firms involved to the whole economy limits the usefulness of the AA/BR study. 
It makes it impossible, for example, to compare the BEA, Census Bureau, and 
McGraw-Hill estimates of new investment in pollution control with the figures 
in the AA/BR study. This is unfortunate because of the careful and conscious 
focus in the latter on incremental effects. This in turn makes it difficult 
to use the AA/BR study as a basis for any analysis of the macroeconomic 
effects of regulation on the economy. 


What can we conclude about the use of surveys to make inferences about pollu- 


tion control expenditures? Two observations seem warranted. First, while 
they provide some useful information, the BEA, Census, and McGraw-Hill 


81 


surveys will not he useful either for micro- or macroeconomic analyses until 
they distinguish between expenditures necessitated by Federal regulation 
and those arising for other reasons. Second, since all the surveys are based 
on extrapolations from a sample of firms or establishments to the industry 
as a whole, it is important to treat the overall estimates cautiously. In 
fact, the problems of extrapolation were so great with the AA/BR study that 
no attempt was made to generalize the findings from the 48 firms involved 
to the economy as a whole. Some of the same problems exist with the other 
three surveys, of course. Finally, we should remember that even perfect 
surveys will give us information only about past experditures for environ- 
mental quality management. Useful as this information may be, it does not 
help in ex ante analyses of regulatory impacts. 


3.2 Other Checks on Pollution Control Spending 


One disadvantage to all survey approaches is that they rely on firms for 
accurate information on pollution control spending. When firms misunderstand 
survey instruments, when samples are unrepresentative of the entire popula- 
tion, or when firms strategically mis-state true spending, economy-wide esti- 
mates of pollution control spending based on surveys may be misleading. In 
this section we discuss briefly two means which might be used to check on 
the accuracy of firms’ reported estimates of pollution control spending. 


As < result of the Revenue and Expenditure Control Act of 1968, the use of 
tax-exempt industrial development bonds (IDBs) was sharply curtailed. One 
use of these bonds for which their tax-exempt status could be retained was 
for investment in pollution control equipment. These IDBs are issued by 
quasi-public agencies and the proceeds of the bond sale age used by private 
firms to install end-of-pipe pollution control equipment. The firm repays 
the bond holders in much tie same way it would if it floated the bonds pri- 
vately. Since fairly good statistics are kept on the size and composition 
of the market for tax-exempt pollution control bonds, it is possible to com- 
pare survey estimates of pollution control spending with actual data on the 
use of tax-free bonds. Tables 2-4 compare estimates based on the BEA survey 
of capital investment for pollution control from 1975 to 1980 with data on 
the actual use of IDBs on both an aggregate and industry basis. 


Several interesting observations can be drawn from the tables. First, even 
after eliminating investment in the process change--which does not qualify 
for tax-exempt financing--IDBs have only been used for 43 percent of all 
3EA-estimated investment in end-of-pipe pollution control since 1975. In 
1980, only 39 percent of end-of-pipe investment in pollution control was 
financed with tax-exempt IDBs. In addition, according to BEA surveys, 
although new investment in end-of-pipe control equipment rose every year 
but one from 1975 to 1980, the volume in the tax-exempt market has fallen 
in four of those years, the last three consecutively. Although the total 
number of issues has risen slightly for the last two years it is still below 
its level in 1975, and considerably below 1977 when 221 new tax exempt issues 
were brought to the market. 


Equally interesting are the figures on individual industry use of IDBs. As 
table 3 shows, certain industries rely to a much greater extent than others 
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Table 2. 


1975 1976 1977 1978 1979 1980 Total 
Total Volume of Tax Exempt Pollution 
Control Bonds ($10 ) 2,134 2,056 2,982 2,793 2,466 2,463 14,894 
Number of Issues 193 168 221 155 163 170 1,070 
Average issue Size ($10°) 11.1 12.2 13.6 18.0 15.1 14.5 13.9 
New Investment in Pollution Control Plant 
and Equipment 6,549 6,762 6,939 6,924 7,143 7,699P 42,016 
New Investment in End-of-Pipe Plant and 
Equipment (Including solid waste) 5,419 5,524 5,609 5,549 5 ,826 6,376P 34,301 
ce 
a Total capital expenditures (corporate) 113,489 121,232 137,017 153,090 176,371 195,673P 896,872 
—4 
o-, 50 7. IDBs as a percent of end-of-line pollu- 
4 Ww tion control expenditures 39.4 37.2 53.2 50.3 42.3 38.6 43.4 
-—< 
“ys 8. IDBs as a percent of total capital 
<= expenditures 18 1.7 2.2 1.8 1.4 1.3 1.7 
—* 
= w@ 
— 9. Total Tax Exempt Financing (adjusted by 
os CBO study on IRBs) 30, 126 34,914 46 ,860 49,115 48 ,061 53,282 262,358 
rvs 
10. Corporate Bonds 42,756 42,380 42,015 36 ,872 40,139 
11. IDB: as a percentage of tax exempt 
financing 7.1 5.9 6.4 5.7 Bae 4.6 5.7 
12. IDBs as a percentage of corporate bonds 5.0 4.9 7.1 7.6 6.1 
Sources: Lines (1) - (3): Weekly Bond Buyer, Jan. 26, 1976, Jan. 31, 1977, Jan 23, 1978, Jan 22, 1979, Jan. 21, 1980, 


and Jan. 19, 1981. 
Lines (4) - (6): Survey of Current Business , June 1978 and June 1980. 
Line (9) 12, 1981; Small Issue Industrial Review Bonds, CBO, 


: Weekly Bond Buyer, Jan. 8, 1979 and Jan. 
April 1981, p. 14. 
Federal Reserve Bu’letin, April 1979, December 1980. 


Linc (10): 
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Table 3. 


Pollution control cost--capital expenditures 
for end-of-line 
methods plus solid 
waste 


Electric Utilities 
Petroleus 

Metal processors 
Chemicals 

Paper 

All Other 


Total 


IDB Finaacing 


Electric Utilities 
Petroleum 

Metal Processors 
Chemicals 

Paper 

All Other 


Total 


IDB Financing as a Percent of Pollution 
Coatrol Costs 


Electric Utilities 
Petroleum 

Metal Processors 
Chemicals 

Paper 

All Other 


Total 


1975 


S¥ 


1976 


1977 1978 1979 i980" 
(Millions of dollars) 

1907 1932 2183 2264 
859 1027 1150 1296 
791 622 726 892 
5h 476 387 398 
364 215 260 236 

1144 1277 1122 1292 


1919 1558 1579 1429 
142 83 59 117 
373 647 246 263 
244 189 181 137 
155 98 141 159 
149 218 260 328 


100.0% 80 . 6% 72.3% 63.1% 
16.5 5.1 5.1 9.0 
47.2 104.0 34.0 29.5 
44.9 39.7 46.8 34.4 
42.6 45.1 54.2 80.8 
:- fi 2 &2 
53.2% 50.3% 42.3% 38.6% 


Total 


11,357 
6,227 
4,717 
2,943 
1,947 


7,110 


34,301 


8,140 
882 
2,334 
1,212 
928 


1,398 


14,894 


71.7% 
14.2 
49.5 
41.2 
47.7 
19.7 


43.44 


Table 4. Total Use of IDBs and Percent Distribution of Use by Industry 
Type (1975-80) 


Total IDBs Percent 
Used Distribution 
($ million) (%) 
Electric Utilities $8,140 54.7% 
Petroleum 882 5.9 
Metal Processor 2,334 15.7 
Chemicals 1,212 8.1 
Paper 928 6.2 
All Other 1,798 9.4 
TOTAL $14,894 100.0% 


on tax-exempt financing. For instance, during 1975-80, the electric utility 
industry financed with IDBs nearly 72 percent of the investment BEA esti- 
mated it made in end-of-pipe plant and equipment. By contrast, the petroleum 
refining industry used IDBs to finance but 14 percent of its pollution con- 
trol investment. The average for the other industries for which data are 
available is about 45 percent. In addition, table 4 indicates that the elec- 
tric utility industry accounted for more than half, 55 percent, of all IDBs 
issued between 1975 and 1980. This is in spite of the fact that it accounted 
for less than a third of all investment in end-of-pipe pollution control 
during this same period according to BEA. 


In 1980, the average IDB carried a net interest cost of about 9.5 percent. 
By contrast, the average yield on long-term corporate bonds issued in 1980 
was 13.5 percent. On an average-sized issue of $15 million, this means in- 
terest costs are lower by about $0.6 million per year on the tax exempt 
bonds. In view of the significantly lower interest firms have to pay on 
tax-exempt bonds, why is it that less than half of all estimated investment 
in end-of-pipe pollution control in 1980 was financed by IDBs? Could this 
be a sign that firms exaggerate when responding to the BEA capital expendi- 
ture survey? Do the IDB figures give a more accurate picture of investment 
in pollution control? In spite of the temptation to draw such a conclusion, 
there are several reasons to believe that tax-exempt bonds would never be 
used to finance all end-of-pipe investments in pollution control. 


First, the tax code restricts the use of IDBs to air and water pollution 
control--they can not be used to finance investments that will reduce the 
generation of solid waste. Thus, from line 5 in table 2 would have ‘-. be 
subtracted solid waste expenditures before one could get an accurate picture 
of actual IDF use relative to maximum possible use. The solid waste ex- 
penditures to be deducted, however, are small in comparison to end- of-pipe 
capital spending fec air and water pollution control--in 1980 they amounted 
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to $566 million, or about 9 percent of end-of-pipe spending. Thus, one must 
look elsewhere to explain the large amount of capital spending on pollution 
control that does not make use of the tax-exemption for IDBs. 


Of course, firms may elect to finance capital expenditures (for pollution 
control or otherwise) in many different ways. For instance, one reason why 
the petroleum industry may have relied very little on tax-exempt bonds to 
finance pollution control (only 14 percent between 1975 and 1980) may have 
been their favorable profit picture over this period, particularly during 
1977-80 when they financed only about 7 percent of pollution control invest- 
ments with tax-exempt bonds. This may also explain the relatively intensive 
resort to the IDB market by electric utilities, since they have not done 
well as a whole over the last 5 years. 


Finally, there are other impediments t. the use of tax-exempt bonds that 
limit their use. In some cases, it may simply be that a pollution control 
investment is too small for a firm to go to the trouble and expense of secu- 
ring an underwriter for the bonds, helping the authorized pollution control 
financing agency to put together the package, and marketing the bonds. 
Rather, it may find it expedient to install the equipment and skip the favor- 
able tax advantage. 


In other cases additional limitations on the use of IDBs may reduce their 
use. For instance, the Internal Revenue Service (IRS) forces firms to deduct 
from the amount of the investment to be financed the value of any materials 
that may be recovered in the waste stream, but IRS does not allow the costs 
of this recovery to be subtracted from this value. Thus, if sulfur will be 
recovered when a scrubber is installed, the market value of the sulfur must 
be deducted from the capital cost of the scrubber even though it may not be 
economic to recover the sulfur from the scrubber sludge. Similarly, IRS 
requires firms to deduct from the amount of investment to be financed the 
interest earned on the capital which is saved when bonds rather than retained 
earnings are ssed to finance pollution control. In other words, if the 
assumed rate of interest is 12 percent, IRS automatically reduces the amount 
that can be financed via IDBS by 12 percent. This provision also has an 
obvious effect on the volume of tax-exempt financing and drives a wedge 
between investments that would appear to qualify and those which are actually 
made using IDBs. 


All this is not to deny the possibility that firms knowingly or unknowingly 
exaggerate investment in pollution control when they respond to the BEA, 
Census Bureau, McGraw-Hill, or other surveys. They may, and this would 
explain some of the difference between the BEA estimates and the volume ob- 
served in the market for tax-exempt IDBs. Nevertheless, as we have pointed 
out there are other important reasons why we would never expect all invest- 
ment in pollution control equipment, or even all qualifying investment, to 
be tinanced using tax-exempt IDBs. 
fhe preceding discussion raises an interesting issue. If firms currently 
have little or no incentive to accurately reveal pollution control expendi- 
tures, might they be given one? In other words, could a mechanism be devised 
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that would at least bound the apparent incentive of firms to exaggerate pol- 
: : 0 : oT " : . 

lution control spending? The final “check” on estimates of pollution ex- 

penditures we discuss goes to this point. 


To understand this approach it is important to note the potentially con- 
flicting motives which a firm may face. On the one hand it may wish to exag- 
gerate the current and future costs it will incur to comply with environ- 
mental regulations. By doing so, the firm may give impetus to efforts to 
"reform" regulation so as to diminish its burden on the public and private 
sectur. At the same time, this firm may have an incentive to understate to 
a different group--its stockholders--the compliance costs it will face in 
the future. If future compliance costs were thought to be large, after all, 
the firm would not be as good an investment as it would if these future 
burdens were small. 


In fact, upcoming liabilities that may reasonably be expected to result from 
environmental and other regulations must be identified in the 10K report 
that each firm must file with the Securitis and Exchange Commission each 
year. Several prominent firms have been penalized by the SEC for failing 
to report accurately these liabilities. It is reasonable to inquire, then, 
whether these 10K reports might provide useful information on pollution con- 
trol spending. The answer would appear to be that while such reports may 
be of some use in determining future (or ex ante) compliance costs, they 
will probably be of little use in determining past spending. It is not their 
purpose to present information on prior environmeital expenditures--this 
information will be available from the firm in other forms. And the firm 
would appear to have the same incentive to exaggerate prior environmental 
spending in reporting to stockholders as it was when responding to surveys. 
The SEC reporting requirement might be used in an attempt to create "incen- 
tive compatibility" in estimating future costs, however. Suppose a firm 
were required to report on its 10K filing to the SEC the same estimates of 
future environmental compliance costs it provides to EPA during the period 

a proposed regulation is being considered. This might temper somewhat a 
firm's inclination to exaggerate those expected compliance costs. The larger 
the estimate they made, the less good the firm would look to current and 
potential stgckholders. While such a consistency requirement has problems 
of its own, it might help to reduce any exaggeration that currently takes 
place in responding to surveys on environmental control expeditures. As 
suggested above, however, such an approach is more relevant to the ex ante 
estimation of control costs than it is to estimates of spending in previous 
years. It is to these methods of ex ante cost estimation that we now turn. 


4.0 Ex Ante Estimates of Compliance Costs 


As we indicated above, it is just as important to have accurate estimates 
of the expected costs of proposed regulations as it is to know how much is 
being spent as a result of existing rules. In this section we turn our 
attention to methods of ex ante estimation of environmental compliance costs. 
Here we try to do-more than discuss the current methods of ex ante estima- 
tion, the most important of which we refer to as the "input cost accounting 
approach." We also discuss in some detail the way that two additional 
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methodologies could be applied fruitfully to the estimation of expected com- 
pliance costs. The first methodology involves the use of what are referred 
to as engineering process models; the se gnd makes use of neoclassical econo- 
metric models of the production process. 


4.1 The Input Cost Accounting Approach 


One way to determine the expected costs of a proposed regulation is to ask 
the firms, individuals, and governmental units likely to be affected by it. 
Alternatively, one could rely upon the regulatory agency (EPA in the case 
of environmental regulation) or its contractors to provide such estimates. 
Since both regulators and regulatees generally use the same approach to’esti- 
mate costs (although often with different assumptions), that approach is 
discussed in some detail here. 


As its name implies, the “input cost accounting eoproach" (or ICAA) consists 
of two steps. First the estimator determines what additional inputs w:.ll 
be required by the regulation under consideration. Typically those will 
include capital (as in a flue gas scrubber or electrostatic percipitator), 
labor (to conduct tests of new chemicals, for instance), natural resources 
(limestone to inject into flue gases in a scrubber), and energy (which is 
required to operate all capital-intensive pollution control equipment). 
Alternatively, if a regulation required a source to burn low- rather than 
high-sulfur coal, the additional cost of the cleaner coal would be entered 
as a cost of the regulation. The second stage involves the attribution of 
costs to these added input requirements, both now and in the future, since 
at least one concern is with the present discounted value of all future 
incremental costs attributable to the regulation in question. 


Not only must these costs be projected for all existing sources under the 
ICAA, but # projection must also be made about new sources that eventually 
will be subject to regulation. In the case of chemical regulation, of 
course, some estimate must be made of the number of new chemicals that will 
be introduced and hence subjected to premanufacturing notification and 
testing. The number of chemicals making it through the process times the 
cost per chemical would provide an estimate of the increased direct input 
costs arising from certain chemical regulations. 


In some cases-~typically in EPA cost estimates--a “model plant" approach is 
followed. That is, rather than attempt to estimate what will be required 

in the way of additional inputs at each existing facility by some proposed 
regulation, one or more model plants are selected which are taken to be rep- 
resentative of other plants in an industry. The ICAA is then used to deter- 
mine compliance costs at this plant(s), and this cost is then multiplied by 
the number of average or model plants in the industry to arrive at total 
incremental cost. While this saves time and money during the cost estimation 
stage, it can easily create other problems. 


The most obvious of these problems comes in determining what is a model 
plant. This choice has in the past led to both under- and overestimation 
of actual compliance costs. In some cases, the model plant has been taken 
to be one of the most modern and advanced in the industry. It is 


occasionally the case, in fact, that this plant will have already installed 
some pollution control equipment prior to regulation. This means that addi- 
tional input requirements at this facility may be small however, to general- 
ize these smal! additional incremental costs to other p!.nts in the industry 
where “pro bono” or anticipatory pollution control has not taken place can 
lead to substantial underestimates of actual compliance costs. 


On the other hand, the model plant variant of the ICAA can lead to over-esti- 
mates of compliance costs as well. This can result from the same circum- 
stances described above. For in that case, the pollution control equipment 
installed prior to the regulation should not be counted among the incremental 
costs attributable to regulation. Only the additional costs, if any, of 
meeting the regulation are relevant here. Yet in the case of certain indus- 
try responses to the BPT effluent guidelines EPA apparently included in their 
cost estimates even the equipment that had been installed prior to the regu- 
lations. That clearly leads to an overestimate of true environmental 
compliance costs. 


There are other problems with the ICAA as well. Even though an attempt is 
often made to foresee new technological advances in pollution control, this 
foresight can never be perfect. Hence, when a new innovation makes pollution 
control less expensive, actual compliance costs will fall relative to the 
original estimates. For example, some now believe that fluidized-bed combus- 
tion now has or soon will have the ability to lower considerably the costs 
of sulfur removai from coal-fired industrial and utility boilers. If so, 
the estimates of the costs of meeting the performance standards for new 
sources which EPA established in 1979 may be exaggerated. 


In addition to technological innovation, compliance cost estimates may 
exceed actual costs, because of what one of us has elsewhere callej regu- 
latory iroovation. These regulatory innovations are best exem .ified by 
EPA's so-called “bubble” and “offset" policies under which one source of 
pollution in a plant or area can increase its pollution provided that 
another source makes an equivalent or greater reduction in its discharges 
of that same pollutant. Such regulacory innovations are significant because 
they enable polluters to meet given discharge goals in the least expensive 
way possible. This means that compliance cost estimates based on cleanup 
at all sources will exaggerate true costs so long as sources can “buy up” 
equivalent reductions elsewhere at less expense. Thus, these kinds of flex- 
ibility-enhancing reforms will reduce compliance cost estimates based on 
the ICAA. 


A final difficulty with the ICAA is the open-endedness of some of the regu- 
lations for which cost estimates must be made. Consider the example men- 
tioned above of new source performance standards for coal-fired utilities. 
After it was decided how much the new standards would cost a “typical” plant, 
it was also necessary to estimate how many new plants would be built. Yet 
this is no simple matter. First, this depends on the rate of growth (or 
decline) of demand for electricity, something which the utilities themselves 
have proved to be less than prescient in estimating. Not only are tastes 
and prices variant, but estimating future dvmand is also difficult because 
the rate of adoption of energy conservation practices and alternative sources 
of energy is difficult to foresee. 
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Moreover, the number of new plants is not only dependent cn exogenous factors 
like those below. It may also depend to some extent on the very regulations 
being analyzed. That is, if environmental controls on new plants are sig- 
nificantly more stringent than those on existing sources, new plants may 
cost so much more that there are fewer of them. Thus new source controls 
may affect both cost-per-plant and the number of plants. While important, 
this effect is very difficult to estimate because we cannot observe the 
plant construction activity that would take place in the absence of new 
source controls. 


For all these reasons, then, the ICAA is flawed. It is understandable as a 
first order response to the new task of compliance cost estimation, and will 
continue to be used for quick approximations of compliance costs. But its 
obvious and subtie limitations point toward the need for a more sophisti- 
cated method of estimating compliance. Ideally, such a method would not 
only provide information about direct compliance costs--that is, additional 
labor, capital, natural resources, and energy--but would also make possible 
the identification of at least certain of the indirect costs, as well. These 
latter costs may include changes in the optimal use of factors both upstream 
and downstream from the point at which regulations have their initial impact. 


The two approaches we discuss next, in more technica] detail than in the 
discussion so far, have the characteristic that they can shed some light on 
both the direct and indirect costs of regulation. Each of these approaches 
employs well established modeling methodologies to examine the impact of 
Federal regulation on production activities. The first approach relies ex- 
clusively on engineering data and the physical laws of energy and material 
transformation. The second approach is founded wn the neoclassical-economic 
theory of the firm and employs this theory in coiujunction with economic data 
and econometric techniques to analyze characteristics of production activi- 
ties. Neither of these approaches has been extensively employed to examine 
compliance cost; however, in the following sections we show how these 
approaches can be developed into useful compliance cost tools, potentially 
superior to those previously discussed. 


4.2 Engineering Process Models 
4.2.1 Overview of the Model 


The engineering process model is @ strictly engineering approach to modeling 
a production activity, and the impact upon that activity which a proposed 
environmental regulation can have. As the name implies, this approach 
decomposes a specific production activity (such as the production of iron 
and steel) into identifiable engineering processes--each process associated 
with a specific, well-defined task. Normally, each task can be accomplished 
by a variety of process configurations which are differentiated on the basis 
of inputs and the engineering efficiency of the process. The process modeler 
first determines the sequence of tasks to be performed as required by a par- 
ticular production activity, and then assembles the alternative processes 
capable of accomplishing each task. Naturally, the output of one task 
becomes the input of a succeeding task; thus, internal consistency among 
the process alternatives must be maintained to insure that a fully specified 
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configuration of process alternatives is capable of accomplishing the overall 
production activity. 


The set of interrelated process alternatives depicts the menu of blueprints 
“from which the complete production activity is assembled. We shall term 

this set of blueprints the technology for a specific production activity. 

We define the set of all potential inputs to the technology by the vector x 
and all outputs by the vector y; we then define the technology as the set 

of feasible input and output combinations. Formally, we define the tech- 

nology set T as: 


T = {(x,y) / (x,y) is a feasible production choice} (1) 


Once the technology set is established, the process modeler chooses an opti- 
mization rule which serves to identify that set of process alternatives, 
drawn from the technology set T, which optimizes a specific objective func- 
tion. For example, if the optimizztion rule was the minimization of total 
factor cost, subject to the constraint that a given level of outputs be pro- 
duced, then the process alternatives chosen, combined with the scale of pro- 
duction, would determine the optimal demands for factors of production and 
the unit cost of producing the specified level of outputs. Formally, the 
optimization problem appears as (2). 


Minimize: p'x (2) 
x 


S.T. y ? y° 


- 


(x,y) € T(x,y) 


P29 
where: p = the vector of input prices 
y” = specified level of outputs 


= vector transposition 
and: y >» y requires a given level of output to be produced 


(x,y) € T(x,y) constrains the optimal set of process alternatives 
to be contained (elements of) within the established technology 


p > O requires input prices to be nonnegative 


if t > process model depicted in (2) is to be used to analyze compliance 
cost, special care must be exercised in the construction of the process 
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alternatives. Specifically, we are concerned with mass balance and to a 
lesser degree energy balance. Since the environmental regulation of an 
industry is generally concerned with the emission of industrial byproducts, 
or pollutants (henceforth termed residual outputs), all such products must 
be accou.ted for in the process model at each stage of production. Simply 
stated, everything which enters the model as an input must be traced through 
its physical trans.craations to a final output. The maintenance of mate- 
rials balance in the process model permits the influence of a regulation 
pertaining to one or more residuals to be traced through the entire sequence 
of production. 


The completed process model will be employed to mimic a firm or industry's 
response to a given Federal regulation. Naturally what we are concerned 
with is the marginal impact (incremental cost) of the regulation; thus, if 
an industry is already treating its waste water streams to recover valuable 
byproducts, for example, we w.1l want to be sure that our process model 
incorporates that fact in the preregulation base case. Therefore, in addi- 
tion to having the important properties of process consistency and materials 
balance, the process modeler will also strive to construct a model which 
depicts actual production practices, especially in the area of pollutant 
generation, abatement, and treatment. 


Before proceeding further into the discussion of the process model approach, 
a few characteristics of the process model methodology need to be highlighted. 


a) First and foremost, the process model is frictionless, that is, 
it does not permit less than instantaneous adjustment to relative 
factor price changes and environmental regulation. 


Oo Second, the model is purely static and does not permit technolo- 
gical change or the impact of new technology diffusion. 


Oo Third, the optimization rule provides the mechanism for choosing 
process alternatives; it is not intended as sn explanation of proc- 
ess choices actually made by firms. Moreover, the model always 
chooses the ideal configvration or processes in a world of perfect 
certainty; therefore, it does not allow for the adoption of sub- 
optimal process alternatives as a special case. 


o Fourth, the distinction between ex ante and ex post analysis of a 
proposed regulation versus an existing regulation is not meaning- 
ful in the process model context since the model has no time dimen- 
sion. All compliance cost estimation is essentially ex ante. 


4.2.2 Process Models and Specific Classes of Environmental Regulations 


We shall not attempt in this section to discuss the analysis of specific 
environmental regulations using a process model; but rather, we will examine 
the broad range of generic regulations amenable to analysis and depict how 
the process model would be configured for each class of regulations. Five 
classes of environmental regulstions are given below; each class is charac- 
terized by the variables of the process model which are impacted. 
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Regulations which alter relative input prices 
Regulations which limit input quantities 
Regulations which restrict residual emissions 
Regulations which tax residual emissions 
Regulations which restrict process choice 


oo0o00 © 


The first class of regulations we shall discuss are those which affect the 
relative prices of factor inputs. Such regulations could take the form of 
subsidies with respect to the purchase of treatment equipment or taxes placed 
upon the use of particular inputs such as fresh water. Regulations which 
affect input prices are the simplest to model in a process framework and 
merely involve the substitution of the old input price vector with the new 
vector incorporating the affected prices. The optimization problem (3) 
depicts how the stylized process model of (2) is redesignated to analyze 
this first class of regulations. 


Minimize: p'x (3) 


B.ee y> y° 


(x,y) € T(x,y) 
p>0 


where: p = the vector of input prices which now reflect the presence 
of an environmental regulation 


For the purpose of analysis the model (3) is solved once using the vector p 
prices (preregulation input prices) and once using the vector p prices (post 
regulation prices). Given the two solutions, several aspects of the regula- 
tion's effect can be ascertained. First, the difference in the value of 
the objective function provides an insight to the regulation's impact on 
the private cost of production to the firm or industry. We use the term 
private cost since the regulation has distorted the market for inputs and 
thus the firm's cost of production will not necessarily bear directly on 
social cost. Second, we can examine the optimal demands for factors of 
production in the preregulation and postregulation states of the world. 
This is clearly an important aspect of the analysis since an environmental 
policy may affect a factor of production which is the target of an unrelated 
but important Government policy. Certainly we would want to determine the 
impact of the regula*ion on the demands for labor and energy. 


In addition to the simple cost and factor demand analyses suggested above, 
the process model allows one to view the intricacies of the engineering 
adjustments made in response to a regulation. Given the base case solution 
of the model at p prices, we are able to determine the specific set of proc- 
esses adopted and the scale at which each process is operated. When the 
model is run at p prices the model adjusts its optimal configuration of proc- 
esses and their scales. While not relevant to the present class of regula- 
tion (those which affect input prices), some types of regulations can alter 
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the overall engineering efficiency of the production activity. This engi- 
neering efficiency, which we shall term technical efficiency, will often be 
disguised in the objective function due to simultaneous changes in process 
alternatives, but, may be perceived from a direct examination of the optimal 


processes chosen. 


Finally, the process analysis moilel permits the investigation of residual 
switching in response to a specific regulation. Residual switching would 
occur if regulations on waterborne residual discharges were in place while 
airborne discharge regulation was absent. In the case of iron and steel 

production, waterborne residuals generated in the finishing section would 
be piped back to quench coke and thus the residuals would be discharged 

through evaporation into the air maptle. Since all residuals are tracked 
through the production activity, residual switching can be directly perceived. 


Summarizing briefly, we have identified four ex ante analyses of compliance 
cost which can be conducted with the use cf process models. The first, 
termed private cost analysis, focuses on the incremental private compliance 
cost associated with a particular regulation. Such analysis, based on the 
change in per unit production cost, captures both direct and indirect effects 
and is properly defined as incremental if the,base case analysis (model (2)) 


is constructed according to our guidelines. The second, factor demand 
analysis, concerns the potential for altered factor intensities and thus 
individual factor rewards and productivities. The third, efficiency 


analysis, deals with overall productivity of the production activity, and 
the fourth, residual analysis, concerns the effect of a regulation designed 
to alter the emission of one residual on the emission of all residuals. 


The second class of regulations has the effect of limiting the inputs of 
certain factors of production. Again one could imagine limitations on the 
quantities of fresh water consumed or regulation banning the burning of high 
sulfur coal. In all cases this class of regulations merely imposes an addi- 
tional set of constraints on the model. If x_ is a subset of the impact 
vector x and x_ are those inputs constrained by regulation, the process model 
appears as (4)° 


' 


Minimize: p'x (4) 
x 


S.T. y > y° 
(x,y) € T(x,y) 


p> 0 


0 


x <x 
- ¢€ 


Cc 


0 Se 
where: % ° vector of constraining input levels. 
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The iame types of impact analyses discussed with regard to (3) can be per- 
formed on (4). Those analyses are: 1) private cost analysis, 2) factor 
demand analysis, 3) efficiency analysis, and 4) residuals analysis. 


The third class of regulations are those which directly restrict the dis- 
charge of residuals. This is clearly the most popular form of environmental 
regulation and one which is readily handled within the process model frame- 
work. Partition the output set y into two subsets, y_ which are the desired 
market oriented outputs and y_ which are the residual ‘outputs. Bear in mind 
that this partitioning is a finction of market prices and particular outputs 
can move between two subsets as these market prices change. Consider regu- 
lations on the residual subset which place upper limits on their disposal. 
The process model incorporating this class of regulations is given in (5). 


Minimize: p'x (5) 


x 


0 
KA > 
Yq ? Yq 


(x,y) € T(x,y) 


o EF 
r= (i) 
P29 
0 
< 
ve = Fe 
where: Yq = specified level of market outputs 
ye = maximum level of residual discharges 


Comparing the optimal value of the objective function from (5) with the value 
generated by the unconstrained technology (2) provides an estimate of the 
full private cost of the regulation y_ < y_. The cost differential resulting 
from the regulation is a composite of direct and indirect impacts on the 
production activity in question. The direct impacts are those closely asso- 
ciated with the reduction of discharges; for example, the cost of treatment 
and abatement capital, and the labor, energy and materials necessary for 

its operation. The indirect impacts are less easy to identify since they 
emanate from efficiency gains or losses that have resulted from the reorgani- 
zation of the process activities in an attempt to reduce discharges. While 
these indirect impacts may be hard to identify individually (such identifica- 
tions require *he type of efficiency analysis discussed above), they are 
accurately accounted for, along with the direct impacts, in the value of 

the objective function. 
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The fourth class of regulations we shall consider are those which act as a 
tax or fee on the discharge of residual outputs. Let the vector t represent 
the schedule of per unit taxes or fees applied to the discharage of residual 
outputs y_. In the absence of other environmental regulations the discharge- 
tax model‘ appears as (6). 


Minimize: p'x + t'y. (6) 
(x,y) 
0 
$.T. > 
Yq = Yq 


(x,y) € T(x,y) 


~ 
|v 
© 


where: t = a vector of taxes on v. if t > O or subsidies if t < 0. 


Analysis of the above regulation is quite straightforward. Following the 
analysis methodotogy discussed previouslv, one would examine: private cost 
(objective fynction), factor demands, process efficiencies, and residuals 
discharges. 


A modification to (6), which would reduce the private compliance cost of 
discharge-tax regulation and bring the model closer to reality, would be to 
permit the sale of usable byproducts captured by the residual discharge 
treatment equipment. An example is the spent sulfuric acid used in the fin- 
ishing sections of steel plants. Taxing the discharge of the spent acid 
induces the firm to treat the finishing section waste streams and capt ‘r= 
the acid. The recovered acid is then gold in the market at a positive p. 
thus offsetting the cost of recovery. To incorporate the effects of by- 
product recovery induced by regulation, one can modify the objective function 
of (6) or (5) by subtracting the byproduct sale revenue. The modified objec- 
tive function is given in (7). 


’ 
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appre p'x + (tty. - Per? (7) 
Sn 


where: 7s vector of market prices for recovered byproducts 


y a vector of marketable recovered byproducts 


qr 


The term t'y_ - p'y represents the net direct private cost of discharge- 
tax regulation. Evaluating the objective function (7) relative to a base 
case of no regulation such as (2) provides an estimate of the direct and 
indirect private cost of regulation. 


The last class of regulations we will discuss are those which require the 
adoption of particular processes, such as scrubbers. This type of regulation 
normally augments the technology set T by including processes which are tan- 
gential to the production activity. Let us denote this augmented technology 
by T. We further define individual process within the set T by (x,y). With 
this added notation in hand we may proceed to the process model and define 
the appropriate constraints. 


Minimize: p'x (8) 
x 


S.T. y>y? 
(x,y) € T(x,y) 
(x,y) € (x,y) 
p20 


where: (x,y) is the process which must be adopted and the subscripts 
on y have been dropped since we are no longer directly 
concerned with residuals. 


The first constraint, y > y° is the usual output requirement; the second, 
(x,y) € T(x,y) merely requires that the chosen set of process alternatives 
be elements of the augmented technology T; the third constraint requires 
that a particular process, such as scrubbers, be an element of the set of 
optimal process alternatives, (x,y), and the fourth merely requires that 
input prices be nonnegative. The analysis of this class of regulations pro- 
ceeds through the steps as those outlined earlier, namely, cost analysis, 
factor demand analysis, efficiency analysis, and residuals analysis. 


The six models discussed above, (2)-(7), have all assumed that the firm or 
industry facing a particular environmental regulation will continue to pro- 
duce a given vector of marketable outputs. In the case of iron and steel, 
used in the illustrations above, this required level of output would include 
a menu of steel ingots, semifinished shapes, plate, strip, and wire products. 
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In reality, environmental regulations affect the output decisions we have 
arbitrarily held constant. To capture the impact of regulation on these 
output decisions, we cast the process model in a profit maximizing mode. 
In such a mode the model chooses simultaneously both the levels of output 
and fector demands. In the absence of regulation the model would appear as 


(9). 


(9) 
waxtmine: PAY ‘77 mere: Pa = a vector of prices for the market 
(x,y) ouputs 
$.T. (x,y) € T(x,y) PYY = total revenue from the sale of y 
PyP > 0 p'x = total factor cost 


The model depicted by the optimization problem (9) makes a stronger assump- 
tion about the production activity it seeks to represent than does the 
earlier model (2). In (2) cost minimization was chosen as the optimizing 
rule which served to select from the technology set those process alterna- 
tives which were least cost. Presumably (2) mimics the selection of process 
alternatives actually made by firms and industries. In (9) the optimizing 
rule is profit maximization; and the model determines not only the least 
cost process alternatives but also the mix and quantities of outputs to pro- 
duce. To link the results of (9) to actual firm or industry decisions we 
must assume that the firm seeks to maximize profit. 


Given we are content with the profit maximizing assumption, (9) provides 
the basis for the same regulatory analysis as the preceding cost minimiza- 
tion models. In addition, (9) permits us to examine the impact of regula- 
tion on the firm's output decisions and provides us with some insight as to 
the regulatory effect on profitability. The model given in (9) is thus 
richer in its analytic power than the previous cost minimization models. 


4.3 Neoclassical-Econometric Models of Production Activity 
4.3.1 Overview of the Model 


The contemporary econometric model of production is similar to the process 
model in several respects, but is fundamentally different in its methodology. 
The econometric model is constructed as a tool of explanation, designed to 
explain the behavior of economic agents controlling production activities. 
Unlike the process model, the econometric model can not be used as an aid 
to production management, nor can it supply information concerning the opti- 
mal process configurations. The reason behind these inabilities lies in 
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the structure of the model, which infers characteristics of the underlying 
technology from observable economic phenomena (factor prices and demands) 
emanating from the decisions of economic agents. In contrast, the process 
model infers the decisions of the economic agents (process choices and 
factor demands) from the characteristics of the technology. 


Underlying the econometric model of production is the neoclassical theory 
of the firm. The firm is composed of a set of economic agents (decision- 
makers) who purchase factors of production and organize those factors to 
produce a set of intended marketable outputs. The firm is a dynamic enter- 
prise, which exists through time and is assumed to optimize some intertem- 
poral objective function, such as profit, sales, revenue, or growth. Opti- 
mization of the objective function subject to the constraints imposed by 
the technology determines the optimal demands for factors of production and 
the optimal mix and scale of outputs to produce. The actual process alter- 
natives adopted to produce the intended outputs are observable in the 
neoclassical-econometric model. 


Let us consider a version of the econometric model which might be compared 
to the process model depicted by the optimization problem (2). We shall 
assume that the firm, whose production activity we are investigating, is 
minimizing total cost subject to an output constraint. Employing the nota- 
tion of the previous section we would model the firm's decisionmaking prob- 
lem as the simple optimization problem displayed below. 


Minimize: p'x (10) 


x 


S.T. y> y 


(x,y) € T(x,y) 


p>? 0 


Given some minimal regularity conditions on ths set T, the necessary condi- 
tions for a cost minimum are also sufficient. Solving the necessary con- 
ditions in terms of the input vector x gives rise to a system of optimal 
factor demand functions of the form (11). 


x* = h(p,y) (11) 


These demand functions express the optimal quantities of factors to be em- 
ployed by the firm as a function of factor prices and the level of output. 


At this stage of development the neoclassical-econometric model appears quite 
similar to the engineering process model. We have identified the optimal 
rule (cost minimization)--a procedure quite analogous to the process model. 
However, if we reverse the problem and use knowledge of x* we can indirectly 
determine the properties of T(x,y). 
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To infer the technology from the factor demands we introduce the notion of 
the cost function. At a cost minimum, total cost is given by (12). 


c = p'x* (12) 


If we substitute the factor demand equations (11) into (12) we obtain an 
expression for minimum total cost as a function of input prices and output. 
The resulting minimum cost function is given in (13). 


c = c(p,y) (13) 


A signficant property pf cost functions was discovered by Ronald Shephard 
and published in 1953. The result followed from Shephard's investigation 
of duality properties inherent in economic optimization problems and has 
since been termed Shephard's lemma. We merely provide Shephard's result 
without derivation. Shephard's lemma states, given certain regularity 
conditions on T, the first derivatives of the cost function with respect to 
input prices generate the optima! factor demands as described by (14). 


Oc(p,y) _ x* = h(p,y) (14) 
op 


Thus, we can derive an expression for optimal factor demands by differen- 
tiating the cost function rather than deriving and solving the first order 
conditions of (10). Since we no longer need to deal directly with (10) we 
do not require explicit information concerning T(x,y); indeed, character- 
istics of T(x,y) can he approximated from c(p,y). 


We have undertaken this rather formal presentation of the cost function since 
it is the standard analytical tool in the contemporary neoclassical-econome- 
tric model of production. It is hoped that our presentation has also high- 
lighted the fundamental difference between the engineering process model 
and the econometric model; namely, the process model requires explicit knowl- 
edge of the engineering character of production to assemble the technology 
set T(x,y), whereas the econometric model only requires information on the 
observable economic variables x*, p, and y. 


So far, our discussion of the neoclassical-econometric model has made no 

reference to the purely econometric issues associated with the model, and 

we intend no detailed discussion of these issues since such a discussion 

would take us beyond the scope of this paper. However, we do need to high- 
light some characteristics of the model which are derived from its econo- 

metric nature. First, the model is only as good as the data (observations 
on x*, p, and y) used to estimate it. Second, ex ante analyses which push 
the model beyond its range of experience are less reliable than those 


analyses performed within the range of experience. The range of experience 
is defined by the observed variation in x*, p, and y which was used to esti- 
mate the model originally. If a particular environmental regulation forces 
firms to use new and untried technologies, ex ante econometric analyses of 
the regulation will push beyond the model's range of experience and will 

force the model to extrapolate its results to these unexperienced regions. 
Finally, if we intend to draw from the model analyses of regulations which 
involve the interactions of factor demands x*, intended outputs y_, and dis 
charged residuals y_, the data used to estimate the model must coftain suf- 
ficient orthogonal variation in these variables. That is, we must be able 
to observe variation in discharges which are moderately uncorrelated with 
variations in intended output and factor demand. 


These caveats expressed with regard to econometric models are not unique to 
these models but hold with equal force with respect to engineering process 

models. Clearly, the process model is only as good as the engineerin; data 
used to construct it. Moreover, the process model has a fixed range of ex- 
perience given by its set of process alternatives and the model is incapable 
of extrapolating beyond its range of experience. 


4.3.2 Econometric Models and the Analysis of Environmental Regu]ations 


During our discussion of process models we examined five broad classes of 
environmental regulations and showed how the process model could be employed 
to analyze the impact of these regulations on firms or industries. We begin 
ou. examination of the econometric model by reconsidering four of these five 
classes of regulations. Specifically we will consider: 


Regulations which alter relative input prices 
Regulations which limit input quantities 
Regulations which restrict residual emissions 
Regulations which tax residential emissions 


oo 0 90 


For each class of regulation we will illygtrate how an ex ante analysis of 
the regulatory impact would be conducted. 


We assume as given, the existence of a neoclassical-econometric model of 
the production activity in question. The model we will be working with has 
the following form: 


Cost function: c = c(p,y) (15) 
Input demand functions: x* = h(p,y) (16) 
where: c = total minimum cost of production 

p = a vector of factor prices 

y = a vector of outputs 

x* = a vector of optimal factor demands 
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In addition, we assume analytical forms have been assigned to the functions 
c(p,y) and h(p,y), and the parameters of these forms have been previously 
estimated. 


An examination of the first class of regulations, those which affect the 
price of one or more inputs, is easily carried out within the context of 
the econometric model. Assume the regulations have altered the preregula- 
tion price vector p and denote the new postregulation price vector p. The 
preregulation econometric model is represented by equations (15) and (16). 
When the preregulation prices are inserted into the model we are able to 
calculate the total cost and factor demands in the preregulation environment. 
We use these calculations as the base case in our ex ante analysis of the 
regulations. Inserting p into (15) and (16) provides estimates of the post- 
regulation total cost c and factor demands x*. The post regulation equations 
are given below. 


c(p,y) (17) 


o 
i 


“) 
tt 


h(p,y) (18) 


The total direct and indirect impacts of the regulation are found through a 
comparison of c and c, while a comparison of x* and x* provides a measure 
of the factor demand effect. Since this form of regulation has only an 
effect on relative input prices, one would again not expect a loss in tech- 
nical efficiency to occur. Finally, we are unable to analyze the pattern 
of residual discharges in this regulatory environment since there are no 
economic or insfitutional (regulatory) forces acting on the firm to control 
its discharges. 


The ex ante analysis of regulations which in some sense limit input quanti- 
ties is more interesting than those regulations which affect input prices, 
since ,jmitations on factor inputs force the firm to be allocatively ineffi- 
cient. Allocative inefficiency occurs when the first order conditions 
for a cost minimum are violated. For the sake of illustration let us assume 
that the production technology we are concerned with employs only two inputs 
x, and x, and provides a single intended output y. In the preregulation 
environment the econometric cost function and factor demand functions appear 
as follows: 


c= C(P) »Pos¥) (19) 
x¥ = h,(P)»Po,¥) (20) 
x5 = hy (P)»Py»¥) (21) 


The cost-minimizing equilibrium of the firm characterized by equations 
(19) - (21) is depicted graphically in panel A of figure 1. The curve ss’ 
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Figure 1 


A 
x 
1 6 
c= 
p 
1 ——  isoquant 
isocost 
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is the isoquant corresponding to output level y for this production activity 
and the isocost line corresponds to a total cost of c. The tangency between 
the isoquant and the isocost at point E determines the cost minimum and the 
optimal tactor demands x* ard xx. Now consider a proposed regulation which 
limits the quantity of input x, to a maximum of x,. Given this regulation 
the firm is forced to move from point E to point E (panel B) on the isoquant. 
The new total cost at E is c and the difference between c and c is the cost 
of allocative inefficiency brought about by the regulation. 


The determination of c, x,, and x, from the econometric mode] (19) - (21) 
is not as straightforwarad as it appears from the diagram and involves the 
simultaneous solutior of equations (19) - (21). Briefly sketching the solu- 
tion, we fix x, at its constraint jevel x, in equation (20) but allow_its 


price p, to vary. We then solve for the new p, and using Pi» Po» and x, we 
solve for x,. The new higher total cost Seis tound by summing the expendi- 
tures on x and Xo that is, P)X) = PoX- 


The third class of regulations are those which limit the discharge of resid- 
uals. To perform an ex ante review of this type of regulation we utilize 
the output vector partition in y_ (intended outputs) and y_ (residual dis- 
charges). An econometric model Of the form (15). (16) intorporating the 
output partition (y ,y_) is estimated, and tiie general form of the model is 
given in (22) and (33) “below. 


q 
! 


= C(P5¥Q+¥,) (22) 


x* 


(PY Qs¥,) (23) 


After the parameters of the model have been estimated, the regulated level 
of residual discharges y_ is substituted in (22) and (23) along with the 
specified level of intended outputs and the price vector of inputs. The 
model is then simulated to predict postregulation c and factor demands x*. 
The remainder of the ex ante analysis proceeds as usual. 


The ex ante analysis of regulations which impose a tax on the discharge of 
residuals must employ indirect econometric techniques. These indirect meth- 
ods are employed since the ex ante, preregulation environment provides no 
economic or institutional forces which would motivate the firm to control 
residual discharges. Without such forces an economic model seeking to 
explain the pattern of discharges cannot be constructed. In such a world 
the best we can do is explain cost and factor demand from a model like (22), 
(23) which is conditioned upon a given level of residuals discharge and 
intended output production. 


In order to measure the ex ante impacc of a residuals discharge tax on a 
firm's production activity we analyze the shadow cost to the firm of a 
reduction in its discharges. Since, in the preregulation wor.id, the price 
of discharges to the firm is zero, one would expect the cost minimizing firm 
to discharge residuals up to the poiat where the discharges no longer had a 
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beneficial impact (positive marginal product) on the production of intended 
outputs. If the “irm is forced to discharge less than this optimal amount, 
the cost of producing the same level of intended output will be higher in 
the presence of discharge constraints. This additional cost can be termed 
the shadow cost of the discharge constraint. If a tax on discharges was 
levied equal to the shadow cost mertioned above, the firm would voluntarily 
limit its discharges to the point coincident with the aforementioned 
discharge constraint. 


Implementing this indirect econometric approach, using the previously dis- 
cussed model (22), (23), merely requires differentiating the cost function 
(22) with respect to the levels of discharge y_. The resulting functions 
state how the cost of producing a given level of intended output changes as 
discharges change. One might expect these functions to be U-shaped, as 
displayed in figure 2. The unconstrained, untaxed firm would fix its dis- 
charges optimally at y_*. If we now institute a tax of t on per unit dis- 
charges, the firm will ‘reduce its discharges to y_. To actually compute y 
from (22) we differentiate (22) with respect to y and set this derivative 
’ r 
equal to t as riven by (24) below. 


t= Se(p.y, »¥,)/dy, (24) 


Solving (24) for y_ in terms of the exogenous variables p, y_, and t pro- 
vides estimates of ye inserting y_ into (22) and (23) generdtes e:timates 
of c and x* which aré used in the ex ante analysis. 


Some concluding remarks are in order with respect to ex ante regulatory eval- 
uation using the framework cf the econometric model. First, the analyses 
focus on the private costs of production and the demand for productive fac- 
tors. The analysis of production costs captures both the direct and indirect 
impacts of regulation and thus considers both technical and allocative inef- 
ficiencies which may spread throughout the production process as the result 
of regulation. The analysis of factor demand also reflects the direct and 
indirect impact of reguiation but in this case the impact is realized through 
altered factor proportions. Since the post regulation proportions may run 
counter to other Governmental policies (such as energy conservation), may 
inhibit productivity, or may lead to redistributions of income through 
altered factor shares, the factor demand impacts can be quite important and 
not fully realized through an analysis of total cost alone. 


4.3.3 Some Often Overlooked Regulatory Costs: Dynamic Impacts 


The process and econometric models we have discussed up to this point have 
been static, frictionless models which have no time dimension and instanta- 
neously adjust from one equilibrium to another, in response to an exogenous 
stimulus in the form of an environmental regulation. In this static, 
smoothly adjusting world, the impacts of regulation are realized through 
the static private costs of production and static factor demands. In the 
real world, productioo is a dynamic affair, and factors are not adjusted 
costlessly and instantaneously but adjust with a lag and at a positive cost. 


Figure 2 
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Moreover, firms are intertemporal and must make decisions today which will 
affect their operation in subsequent years. Examples of such decisions in- 
clude research and devel apment projects, and optimal capital maintenance 
and scrappage schedules. Given that firms and their production activities 
are dynamic, some thought must be given to the dynamic impact of regulation. 


Let us first consider the short-run versus the long-run regulatory impact. 
We define the short run as a time dimension in which a subset of factor in- 
puts are variable and the remaining inputs are quasi-fixed (that is, not 
variable in the short run); in the long run all factors are variable. Quasi- 
fixed variables are usually composed of capital stocks but may also include 
such things as fixed labor contracts. Since some variables are incapable 
of adjustment in the short run, the firm is not able to move directly to a 
least-cost equilibrium in response to an imposed regulation. This limited 
adjustment ability will lead to a greater short-run regulatory impact on 
total cost than on long-run costs. Consequently, static process and econo- 
metric models will tend to undergstimate the short-run impacts since they 
are essentially long-run models. 


Fortunately, short-run and long-run econometric models do exist and can be 
easily adapted to the problem of regulation analysis; unfortunately no such 
process models exist. A simple but ppyerful dynamic econometric model is 

the partial static equilibrium model. The model permits a subset of the 
factor inputs to costlessly adjust to an equilibrium conditioned on a set 

of quasi-fixed inputs which do not adjust. In this context the firm's cost 
minimization leads to a restricted cost function of the following form. 


c = c(p.,y,x) (25) 
where: c = minimum variable cost 
Pp, = 4 vector of variable factor prices 
= a vector of outputs 
x = a vector of quasi-fixed factors 


In essence (25) is a short-run cost function associated with a set of short- 
run variable factor demand functions given in (26). 


x* = h(p. ,y,x) (26) 


where: xe = a vector of optimal variable factor demands 


The short-run model represented by equations (25) and (26) can be used to 
examine the short-run impacts of all four classes of regulation discussed 
in the previous section. 
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To find the long-run cost function corresponding to (25) we make use of the 
envelope theorem in economic theory. For any given level of output and vari- 
able input prices there is a unique level of x that will minimize all costs. 
If x is set at this equilibrium level, denoted x*, then the firm is in full 
long-run equilibrium with respect to all factors of production and the cor- 
responding long-run cost function is given by (27). 


c* = c(p.,y,x) + plx* (27) 
where: c = minimum total cost 
Py. = a price vector for the quasi-fixed inputs 


If we allow all input prices (both variable and quasi-fixed) and output to 
vary we can generate a set of short-run cost functions. The envelope of 
all these short-run functions, which traces the locus of minimum long-run 
total cost, is the long-run cost function depicted by equation (27). The 
long-run cost function (27) is associated with a set of long-run factor 
demand functions for both variable and quasi-fixed inputs, enabling a com- 
panion long-run examination of regulatory impacts. 


In the partial static equilibrium model the short-run ard long-run equilib- 
riums are two distinct states of the dynamic production activity; and the 
transition between these two states is neither explained nor observed. There 
exists a second class of dynamic models which explicitly consider the adjust- 
ment from a short-run partial equilibrium to a long-run full equilibrium. 
This model explai the process of adjustment on the basis of internal 
adjustment costs. Paralleling the partial static equilibrium model, the 
internal cost of adjustment model also dichotomizes inputs into variable 
and quasi-fixed categories. The variable factors can be adjusted at zero 
cost to the firm, while the quasi-fixed factors can only be adjusted at posi- 
tive cost. The faster the rate of adjustment, the greater the cost. 


The internal cost of adjustment model depicts not only short-run and long- 
run equilibriums but also the dynamic path of quasi-fixed factor adjustment 
and an expression for the adjustment costs themselves. In general, adjust- 
ment costs are found to be a function of the changes in quasi-fixed factor 
stocks, the levels of output, the level of quasi-fixed factor stocks, and 

the prices of variable inputs as depicted by equation (29). 


aw ~~ 


€ = €(x,dx,y,p_) (29) 


where: ¢ = the cost of a given change in the levels of quasi-fixed 
factors per unit of time. 


R 


the change in quasi-fixed factor stocks per unit of time 


X,Y»PL: as previously defined 
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If a dynamic internal cost of adjustment industry model was estimated, im- 
pacts on adjustment costs of regulations which affect levels of quasi-fixed 
stocks could be determined. It is important to point out that these adjust- 
ment costs are incurred in addition to the static direct and indirect costs 
discussed previously. The lower the speed of optimal quasi-fixed stock ad- 
justment, the greater will be the internal adjustment cost of a change in 
quasi-fixed stocks mandated by regulation. Industries with typically low 
speeds of adjustment include: textile mill products; lumber products; stone, 
clay, and glass products; electrical machinery; non-electrical machinery; 
petroleum refining; and primary metals. 


Probably the most important dynamic impact a regulation can have would be 
to affect technological advance and innovation diffusion. Since firms must 
make research and development decisions in a world of imperfect foresight 
and uncertainty, it is not clear whether such an impact would result in a 
private (or social) loss or gain. It is quite conceivable that a particular 
regulation could serve to speed up the adoption of a highly efficient inno- 
vation or could just as conceivably forestall such adoptions. Unfortunately, 
the neoclassical-econometric model can provide little useful information in 
this regard since it does not presently incorporate a well-developed theory 
of technological advance or innovation diffusion. 


5.0 Practical Problems with Ex Ante Compliance Cost Estimation 


In the preceding sections we have discussed three approaches to the problem 
of ex ante compliance cost estimation; these are 1) the input cost accounting 
approach, 2) the engineering process model, and 3) the neoclassical econo- 
metric model. The practical problems associated with the input cost ac- 
counting approach have already been discussed in some detail and we shall 
not elaborate further on them. Our intention in this section is to examine 
the problems associated with the process and econometric model approaches 
to compliance cost and to suggest some avenues of future research. 


5.1 Problems Associated with Process and Econometric Models 


There can be no doubt that the engineering process model is an extremely 
useful tool for the ex ante analysis of environmental regulation. The 
model's ability to identify and accurately account for indirect costs and 
the phenomena of residual switching serve to distinguish it from the more 
crude input cost accounting methods. However, the model does have some in- 
herent weakenesses and problems of implementation. 


The major weakness of the process model is its lack of a time dimension. 
This timeless character of the model implies that all production activities 
occur instantaneously and that alterations in these activities (for example, 
process changes resulting from regulation) also occur immediately and cost- 
lessly. Moreover, the model is poorly equipped to deal with technological 
change and the diffusion of innovation; thus, it is largely unsuitable for 
analyses of regulatory impacts on the process of innovation. 
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The major implementation problem associated with the process model is cost. 
At the present time only a handful of process models exist which are capable 
of undertaking the types of compliance cost estimation suggested in section 
IV. The small number of such models is a direct result of the enormous 
effort which must be undertaken to construct a credible model. Upon comple- 
tion of the model there still exists the cost associated with model mainte- 
nance which would include periodic updates of the technology matrix to 
incorporate new processes and changes in the structure of the industry the 
model is designed to depict. Finally, the high degree of specificity in a 
credible model implies that the model construction, maintenance, and results 
are not easily generalizable to other production activities; and thus, nu- 
merous self-contained models must be constructed to encompass the industrial 
sector of a modern economy. 


The practical problems of process models are faily well understood since we 
have experience (albeit, minimal experience) in the construction and use of 
such models for the analysis of environmental regulation. On the other hand, 
the neoclassical econometric approach to compliance cost estimation is still 
in its formative stages, and thus we have little practical experience with 
the methodology. Two studies do exist which employ the formal neoclassical 
model in the analysis of environmental regulation. The first, Kopp [1980], 
studied the relationship between levels of residuals discharges and measures 
of technical efficiency in the U.S. electric power industry; the second, 
Pittman [1981], examined the impact of environmental regulation on the cost 
structure of paper mills. Unfortunately, the limited nature of these studies 
provides only a partial understanding of the problems to be faced if the 
econometric model approach is to be employed on a large scale to estimate 
ex ante compliance cost. 


One practical limitation of the econometric modeling approach is clear--it 
is data-intensive. The quantity of data required will depend upon the level 
of technological disaggregation (i.e., 4, 3, or 2-digit Standard Industrial 
Code designations and plant, firm, or industry organization) dictated by 
the analysis. But regardless of the aggregation, the model will require 
the prices and quantities of all inputs consumed and marketable outputs 
produced plus estimates of residual discharges. Collecting the input and 
output data will be a costly task in itself; however such data do exist and 
have been routinely collected and used by econometricians to study produc- 
tion activities for some time. The task of collecting the residual discharge 
estimates poses a more uncertain cost. For some sectors of the economy the 
task will be quite straightforward since residual discharge estimates are 
readily available; the obvious example is U.S. steam electric generation, 
where residual discharge estimates have been collected for several years. 
For other industrial sectors EPA estimates may have to be employed. 


The potential advantages of the econometric approach make it a reasonable 
alternative to the process model for ex ante compliance cost estimation. 
Aside from the initial data collection effort, the cost of econometric model 
construction, estimation, and maintenance is miniscule when compared to that 
of the process model. Moreover, the econometric model can be given a time 
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dimension permitting one to examine the adjustment cost associated with a 
regulation in a dynamic setting. Finally, properly designed econometric 
models of industrial activity mesh well with other economic models used for 
policy analysis, such as large scale macroeconometric models. 


The major practical problem associated with the econometric approach is its 
reliability. Past experience with process models has shown that they pro- 
vide reasonably good approximations to actual engineering activities and 

can be expected to perform adequately in the complex analysis of compliance 
cost. Econometric models, on the other hand, do rather well in depicting 

factor demand, but can they reliably forecast compliance cost? The results 
of econometric models are sensitive to technological and input aggregation 
and to model misspecification, but even under ideal aggregation conditions 
and proper specification it is unclear whether the complexity of firms’ ad- 
justments to regulation can be adequately captured and predicted by a model 
which is intended only as a summary of major causal forces. Unfortunately, 
we have little practical experience with econometric models incorporationg 
discharge data upon which to base a judgment concerning the usefulness of 
the underlying econometric methodology. 


5.2 Some Topics for Research 


In the body of this paper we have asserted that the ex ante analysis of com- 
pliance cost can be improved if process models and/or econometric models 
are used instead of, or in conjunction with, the input cost accounting 
approach. Given our claim, a logical research strategy would be to estab- 
lish an empirical test of the assertion. Such a test would simultaneously 
provide insight regarding the credibility of our proposals and would also 
generate experience in using process and econometric models which may uncover 
previously unknown practical problems or advantages. 


Considering first the process model approach, it seems reasonable to circum- 
vent the construction stage and use one of the currently available off-the- 
shelf models as a guinea pig. The research plan would involve choosing a 
particular regulation or a set of regulations to be analyzed. The process 
model would then be configured in a preregulation base case environment and 
solved. Next the model would be reconfigured in the postregulation environ- 
ment and resolved. The types of compliance cost analyses discussed in 
section IV would then be executed. As a test of the model's validity one 
could choose a regulation already in place where the ex post cost data on 
hand are assumed to be of high quality. Using the process model we would 
then perform an ex ante analysis and determine how well the ex ante estimates 
compared to the actual ex post cost. 


A test of the econometric approach is considerably more complicated than 
the process model. Since high quality econometric models of the kind 
required for ex ante estimation do not currently exist, a test methodology 
similar to the process model would first require the construction of a suit- 
able econometric model. The cost of this initial construction, including 
data collection, can be expected to be quite high. Moreover, even if such 
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a model were constructed and tested, we would not be able to determine the 
differential impact on the quality of the results emanating from poor model 
construction or from an underlying inadequate methodology. As we stated 
above, it is the econometric methodology which is really at issue and which 
we seek to test, not a specific model. Thus before any wholesale testing 
of econometric models begins, a plan to evaluate the econometric methodology 


must first be devised. 
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16. 


17. 


FOOTNOTES 
For a review and discussion of the macroeconomic effects of envi- 
ronmental regulation, see Peskin, Portney, and Kneese [1981]. 


See DeMuth [1980] for the most comprehensive discussion of the 
pros and cons of the regulatory budget. 


For a fuller discussion of these issues see Peskin, Portney, and 
Kneese [1981]. 


See Portney [1981]. 


Ibid. 


This section draws largely on material presented in Portney [1981]. 
See Andersen [1979]. 
Ibid., p. 26. 


For a discussion of the allocative inefficiencies that result from 
tax-exempt financing of pollution control, see Peterson and 
Galper [1975]. 


For an analysis of such mechanisms, see Sonstelie [1981]. 


For instance, see Securities and Exchange Commission Administrative 
Proceeding File No. 3-5936. See also Salpukas [1979]. 


See Sonstelie [1981]. 


For a discussion of other possible uses of these kinds of 
approaches, see Vaughan [1978]. 


See Portney [1981]. 


An excellent description of the process model approach and its 
applicability to environmental regulation can be found in Russell 
and Vaughan [1976]. 


We have taken some liberty with the notation used to describe the 
process model in order to utilize one set of notation consistently 
throughout the paper. 


Technical efficiency is a concept attributed to Farrell [1957]. 
Its only known application to the case of environmental regulation 
is found in Kopp [1980]. A full description of Farrell's early 
contribution and several generalizations to it are found in Kopp 
[1981]. 
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18. 


19. 


20. 


21. 


22. 
23. 
24. 


25. 


26. 


27. 


28. 


29. 


30. 


A methodology for analyzing both direct and indirect impacts of 
environmental regulation using an econometric model is found in 
Kopp and Smith [1981]. 


In this case we would subtract from the value of the model (6) 
objective function the value of the tax t'y_, in order to perceive 
how the actual costs of production net of the tax were altered by 
the imposition of the tax. Naturally, if we were concerned with 
total private compliance cost including the tax, t'y would remain 
in the calculated value of the objective function. 


If in the preregulation environment it was profitable to recover 
marketable byproducts we would want to make sure that the base 
case objective function of model (2) included Por’ 
We should point out that if the process model is characterized by 
constant returns to scale and further that ic can utilize any quan- 
tity of inputs at a fixed price without limit, it will tend to 
expand production infinitely. In actual applications one would 
normally restrict the quantity of capital the model can employ. 


These conditions are found in Diewert [1974]. 
See Shephard [1953]. 
A formal and most useful proof is contained in Diewert [1974]. 


Unfortunately, the econometric model is incapable of examining 
the regulatory impact of a required process adoption, since it 
does not identify the individual processes. 


Since in both the preregulation and postregulation environments 
there are no costs to a firm for its pollution, the firm faces no 
constraints on its polluting behavior. Without such constraints 
the economic model of production is incapable of determining how 
the residual discharges will change with a given change in the 
price of factor inputs. 


Discussions of allocative efficiency can be found in Farrell [1957] 
and Kopp [1981]. 


A full solution to this problem can be found in Kopp and Diewert 
[1981]. 


See Kopp and Smith [1980] for a theoretical discussion of these 
issues. 


Of course, if the econometric model is estimated with short-run 
data then it will tend to overestimate the long-run effects. 
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31. The model is fully described in Brown and Christensen [1981]. 


32. See Berndt, Fuss, and Waverman [1977] for a more detailed 
discussion. 
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(28, 


1.0 Introduction 


The automobile is the centerpiece of the U.S. passenger transportation sys- 
tem. According to a recent partment of Transportation (DOT) report on 
the U.S. Automobile Industry, auto travel accounts for approximately 83 
percent of all intercity passenger miles and approximately 96 percent of 
all travel within cities. Automobile and truck production represents a sig- 
nificant component of our economy, accounting for about 8 percent of our 
Gross National Product (GNP) and 25 percent of U.S. retail sales. 


Because of the automobile's pervasive role in our economy and personal lives, 
the automobile and the automobile industry have become the subject of a 
wide variety of Federal regulations that impose direct and indirect costs 
and benefits on both the manufactuers and consumers of automobiles. The 
Environmental Protection Agency (EPA) regulates the levels of hydrocarbons, 
carbon monoxide, nitrous oxides, sulfur oxides, and lead emissions from auto- 
mobiles. EPA also regulates the emissions of harmful substances (volatile 
organic compounds) during the automobile manufacturing process. The Depart- 
ment of Transportation promulgates safety standards and fuel economy require- 
ments for automobiles. The Department of Energy (DOE) promulgates regula- 
tions that are designed to influence the price of automobile fuels, and to 
promote research and development of highway vehicles and systems. In 
January of 1981, there were 71 recent and pending Federal regulatory activi- 
ties that were promulgated to regulate the sale or operation of motor ve- 
hicles (cars and trucks). These recent and pending regulatory activities 
did not include the substantial body of existing regulations promulgated 
and implemented prior to January of 1981. 


The domestic automobile industry is experiencing depressed sales, record 
losses, and severe unemployment. This has prompted various Federal officials 
to consider policy alternatiyes including “regulatory relief" to help 
strengthen the auto industry. Although the Federal Government has a large 
and diverse collection of data concerning the costs and effects that auto- 
mobile regulations have on the automobile industry, consumers, and the econ- 
omy, the data are often not adequate to support the decisionmaking process. 
Significant pieces of data are missing. Frequently, the data that are 


. The U.S. Automobile Industry, 1980, Report to the President from the 
Secretary of Transporation, U.S. Department of Transportation, January 1981. 


2For the purposes of this paper, General Motors Corporation, Ford Motor 
Company, Chrysler Corporation, and American Motors Corporation. 


Ssource: The Automobile Calendar: Recent and Pending Activities 
Affecting Motor Vehicles, prepared by ICF Incorporated for the U.S. 
Regulatory Council, January 1981. 


“See: Actions To Help the U.S. Auto Industry, The White House, April 
6, 1981. 
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available are based on inconsistent or contradictory assumptions. These 
deficiencies prevent the development of aggregate impact estimates or com- 
parison of costs and benefits among the regulations. 


This paper presents the results of cost estimates of Federal automobile emis- 
sions control regulations promulgated by EPA (and the Department of Health, 
Education, and Welfare) since 1966 and all EPA and DOT regulations affecting 
the production and sale of motor vehicles pending as of January 1, 1981. 
The presentation is divided into two parts. The first part examines (1) 
estimates of the costs associated with Federal automobile emissions control 
regulations and promulgated since 1966 and (2) cost estimates prepared for 
all DOT and EPA regulations affecting the automobile industry pending as of 
January 1981. The second part examines the impact of emissions control regu- 
lations on research and development (R&D) investments made by domestic auto- 
mobile manufacturers. 


It is our desire to help policy officials better understand the regulatory 
process by addressing two fundamental sets of questions. 


First, are adequate cost estimates of Federal regulations affecting the manu- 
facture and sale of automobiles available and what are the problems asso- 
ciated with existing estimates? Is it possible to prepare estimates of the 
aggregate cost of Federal regulation of the automobile? Are cost estimates 
of Federal regulations comparable? Should guidelines be developed to ensure 
that useful cost estimates are prepared for all Federal regulations? 


We are interested in the comparability of cost estimates in addition to the 
adequacy of individual estimates designed to meet the unique requirements 
of a particular decisionmaking process. Executive branch policy officials 
must regularly make tradeoffs among regulatory proposals. They must assess 
the ability of the economy or a single industry to bear the regulatory costs 
and burdens necessary to achieve regulatory objectives. The Secretary of 
Transportation for example must determine how much the automobile industry 
can bear to achieve fuel economy objectives while also meeting vehicle 
safety standards. The Secretary must make tradeoffs between the cost, or 
cost-effectiveness, of safety and fuel economy regulations. The President 
must consider tradeoffs between an even broader array of regulatory programs. 
In the case of the automobile industry, the President must consider not only 
DOT fuel economy and safety regulations, but also EPA emissions control regu- 
lations. Therefore, while regulatory impact analyses might require supple- 
mental information to meet the unique requirements of their particular deci- 
sionmaking process, it is essential that all regulatory impact analyses con- 
tain comparable estimates of critical cost components to enable executive 
branch officials to make enlightened policy decisions when they must choose 
among various regulatory proposals. Part II, therefore, attempts to deter- 
mine whether regulatory cost estimates are comparable or whether they provide 
the basis for developing aggregate cost estimates. 


The second set of questions we address considers the effect of Federal auto- 
mobile emissions control regulations on innovation in the automobile indus- 
try. That is, have Federal mobile source emissions control regulations 
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induced automobile manufacturers to undertake additional investments in emis- 
sions control technology R&D? 


This paper examines industrial investment in R&D rather than "innovation" 

as it is traditionally defined in a scientific or engineering context. We 
recognize that there may be problems associated with using R&D expenditures 
as a proxy for innovation. However, there is little information available 
concerning the relationship between technological innovation in the automo- 
bile industry and emissions control regulations. This paper represents an 
initial attempt at examining this relationship based on the limited avail- 
able data base. 


This paper is divided into the following major sections: 


PART I: OVERVIEW 


Section 1.0 Introduction 
Section 2.0 Executive Summary 


PART II: REGULATORY COSTS 


Section 3.0 Costs of EPA Automobile Emissions Control 
Regulations. 


Section 4.0 Costs of EPA and DOT Motor Vehicle Regulations. 


PART III: TECHNOLOGICAL INNOVATION 


Section 5.0 Emissions Control R&D and Federal Regulations. 


2.0 Executive Summary 


The Executive Summary is divided into two sections corresponding to the major 
parts of this paper--Part II: Regulatory Costs and Part III: Technological 
Innovation. 


2.1 PART II: REGULATORY COSTS 
i Overview 


In Part II, we examine estimates of the costs of 50 Federal motor vehicle 
EPA emissions control and DOT fuel economy and safety regulations. These 
regulations are listed in Appendix D. We also examine nine separate cost 
estimates prepared since 1969 for EPA automobile emissions control 


"For a discussion of the problems associated with developing a linkage 
between regulations and R&D expenditures see The Impact on Industrial Innova- 
tion of Environment, Health, and Safety (EHS) Regulations, Morrison, R.E., 
National Science Foundation, March 1979. 
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regulations. These nine studies are listed in Exhibit 3.2. By examining 
cost estimates for various motor vehicle regulations we hoped to answer the 
follewing questions. 


-- Are cost estimates available? 


-- Are available cost estimates complete? That is, do they provide 
estimates of all significant cost components? 


-- Are available cost estimates comparable? That is, are the assump- 
tions and methods used to prepare cost estimates consistent? 


-- Can an aggregate estimate of the cost of Federal motor vehicle 
regulations be prepared using the available cost estimates? 


In the Costs of Federal EPA Automobile Emissions Control Regulations section, 
Section 3.0, we reviewed a series of cost analyses prepared over the last 
decade for one type of Federal regulation--EPA automobile emissions control 
regulations. We found that the studies examined did not consistently provide 
estimates for the same cost components or employ consistent methods for esti- 
mating costs. Therefore, it is difficult to compare cost estimates provided 
by the different studies. We did not observe any significant trends in the 
development of regulatory cost estimating techniques over time. 


In the Costs of EPA and DOT Motor Vehicle Regulations Section, Section 4.0, 
we reviewed 50 cost analyses recently prepared for a variety of Federal regu- 
lations--EPA motor vehicle emissions control regulations and DOT fuel economy 
and safety regulations. As in Section 3.0, we found that the cost analyses 
examined did not consistently provide estimates for the same components of 
costs or employ consistent methods for estimating costs. Therefore it is 
difficult to compare cost estimates for different regulations and it is not 
possible to prepare an aggregate estimate of the combined costs of Federal 
automobile regulations from these estimates. 


263.2 Availability and Status of Cost Estimates 


We have examined the availability and status of cost estimates for 50 regu- 
latory proposals pending as of January of 1981. That is, these proposals 
had either not been promulgated as final rules, or they had been promul- 
gated as final rules but had an effective date after January 1981. Of the 
50 proposals we examined, 28 were promulgated as notices of proposed rule- 
making (NPRM) and 22 were at the pre-NPRM stage. Proposals at the pre-NPRM 
stage usually represent preliminary proposals designed to elicit comments 
and alternative proposals and are frequently revised or abandoned. 
Rigorous estimates of the costs and benefits of pre-NPRM proposals are not 
usually developed. 


Exhibit 2.1 presents our findings of the availability and status of cost 
estimates for the 50 proposals we examined. The first two columns present 


our findings for all 50 regulations. The second two columns present our 
findings for the subset of the 50 regulations that had reached the NPRM stage. 
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As illustrated in Exhibit 2.1, fairly complete cost information is available 
for 17, or 34 percent, of the cost estimates for the 50 regulatory proposals 
examined in Section 4.0. Of the 28 of the 50 proposals that had reached 
the NPRM stage, fairly complete information was available for 50 percent, 
or 14, of the proposals. No cost information was available for 42 percent, 
or 21, of the 50 proposals. If only proposals at the NPRM stage are con- 
sidered, cost estimates were not available for 14 percent, or 4, of these 
28 regulations. 


EXHIBIT 2.1 


AVAILABILITY OF COST INFORMATION FOR EPA AND DOT 
REGULATORY PROPOSALS AS OF JANUARY 1981 


Pre-NPRM and 
NPRM Stage NPRM Stage 
No. % No. va 
Fairly Complete 17 34 14 50 
Limited 12 2 10 36 | 
None 21 42 4 14 
Total 50 100 28 100 


2.1.3 Comparability and Status of Cost Estimates 


The cost estimates we examined for various regulations that were available, 
are not directly comparable. This is because they either omit significant 
cost components, they use different input assumptions and estimating methods, 
or they do not provide adequate documentation. In sections 3.0 and 4.0, we 
find that it is difficult, if not impossible, to compare estimates prepared 
for automobile emissions control, safety, and fuel economy regulations. In 
Section 3.0, we examined nine estimates prepared since 1969 for emissions 
control regulations. In Section 4.0, we examined current estimates prepared 
by EPA and DOT for 50 different pending regulations. 


The significant problems identified in Sections 3.0 and 4.0 of this paper 
are summarized in Exhibit 2.2. We have identified three types of problems: 
(1) omissions of cost components, (2) inadequate documentation, and (3) meth- 
odological differences. .Recommendations designed to address these problems 
are alse presented in this exhibit. The following methodological problems 
were identified. 


0 Sales Projections. Different sales projections and sales 
projection techniques are used to estimate costs. Not all 
projections provide for consumer responses to price changes, 
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and those that do use different price response assumptions 
(price elasticities). 


° Consumers’ Costs. Estimates of consumers’ operation and main- 
tenance costs are significantly different in three ways. 
First, they use different methods for estimating changes in 
fuel economy (vehicle weight trend adjustment methods). 
Second, they use different fuel price assumption and price 
calculation methods (retail price vs. production costs for 
unleaded fuel). Third, they use different methods for esti- 
mating maintenance costs attributable to regulations (total 
vs. incremental requirements). 


re) Manufacturers’ Costs. None of the studies examined adjusts 
for costs attributable to more than one regulation. Industry 
homogeneity is usually assumed and learning curve effects 
are not considered. 


Oo Hardware Costs. Studies use different baseline hardware con- 
figurations. Retail prices are estimated using different 
methods (actual vs. retail price equivalent), and retail price 
equivalent estimates use different markup factors. 


re) Price Level Index. Studies frequently do not indicate price 
level index or do not properly adjust prices taken from pre- 
vious studies. 


Oo Gasoline Price and Grade. Studies use different gasoline 
price assumptions, or do not indicate price or gasoline grade 
assumptions. 

) Discount Factor. Studies do not specify discount factors 


used and appear to use different discount factors. 


Oo Consumer Demand. Studies do not attribute any costs of 
product modification to consumer demand or changes in 
consumer preferences. 


2.1.4 Conclusions 


Our findings suggest that DOT and EPA should follow standard regulatory cost 
analysis guidelines to ensure the preparation of both complete and compara- 
ble estimates of the costs associated with Federal motor vehicle regula- 
tions. We have not been able to identify substantive arguments supporting 
the use of different methods for the regulations and regulatory cost esti- 
mates reviewed in this paper and summarized in Exhibit 2.2. Furthermore, 
we have not identified methodological differences where improvements or 
developments in recent years justify the use of different methods in the 
preparation of regulatory cost estimates. Where there may be substantive 
reasons for applying different methods, we would not suggest sacrificing 
accuracy for consistency. 
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EXHIBIT 2.2 


SUMMARY OF FINDINGS 


SECTIONS 3.0 AND 4.0 COST ESTIMATES OF FEDERAL AUTOMOBILE REGULATIONS 


Item Problems Recommendation } 

| | 

! ] 

‘Sales Inadequate Documentation. Few studies examined Sales projections should be adjusted to reflect’ 

Projections indicate vehicle sales levels or sales base used to consumer responses to price changes. An agency 
amortize fixed costs (Sec. 3.4.2.2. and Sec. 4.3.3.1). (EPA, DOT, or OMB) should be designated to | 

coordinate or specify sales projections assump- 

Methodological Problems. Sales projection are not tions and consumer price elasticities. 
consistent (Sec. 4.3.3.1). Treatment of consumer res- 
ponses to prices is not consistent (Sec. 4.3.3.2). 

Consumers’ Inadequate Documentation. Six of the nine studies Miles per gallon of baseline fleet and 

Costs - Fuel examined do not adequately describe the fuel consump- and current fleet should be provided. 

Consumption tion of baseline vehicles, methods of measuring fuel 

iPenalty/ Consumption, and fleet consumption assumptions. 

Savings (Sec. 3.4.2.4) | 

{ 

‘Consumers' Inadequate Documentation. Only two studies adequately Consumer maintenance costs attributed to a 


‘Costs - Main- 
tenance Costs 


! 


itemize maintenance costs of each hardware component. 
(Sec. 3.4.2.3). Two studies omit documentation of 
scheduled maintenance routines. (Sec. 3.4.2.3) 


Methodological Problems. Four different methods for 
vehicle weight trend adjustments are used by nine 
applicable studies. (Sec. 3.4.3.3) 


regulation should only include incremental 
costs. The maintenance schedules, and the 
costs associated with each item on the ; 
maintenance schedule should be specified. The | 
EPA should develop a method of vehicle weight 
trend adjustments. 


Consumers’ 
Costs - 
Unleaded Price 
Penalty 


Omission of Cost Component. Three of six applicable 
studies do not estimate unleaded price penalties. 


Inadequate Documentation. Two of the three studies 
that provide estimates describe the components of the 
unleaded price penalty costs. (Sec. 3.4.2.5) 


Methodological Problems. Two methods are used to 
determine unleaded gas prices (actual retail price vs. 
production and distribution cost methods). 

(Sec. 3.4.3.4) 


nee ee ee 


Methods used to determine the unleaded price 
penalties, or the consumer cost estimates base 
on the price of unleaded gasoline, should be 
specified. 
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EXHIBIT 2.2 (continued) 


Inadequate Documentation. 
capital) are not specified. 


Components (such as R&D, 
(Sec. 4.3.1.1) 


Methodological Problems. No studies appear to adjust 
for costs attributable to more than one regulation. 
(Sec. 3.4.3.6, and Sec. 4.3.1.2). Industry homogeneity 
and learning curve assumptions are not addressed. 

(Sec. 4.3.1.4) 


tem Methodological Problems Recommendation 
Manufacturers’ | Omission of Cost Component. Aggregate and unit cost Specify both unit and aggregate cost estimates. 
Costs estimates are not provided. (Sec. 4.3.1.1) Learning curve effects should be addressed and 


where possible problems arising from industry 
homogeneity assumptions should be addressed. 


ae re Costs 


Inadequate Documentation. Four out of nine studies 
specify hardware components costs. (Sec. 3.4.2.2) 
Analyses of 9 of 50 proposals describe assumptions 
for retail markup factors. (Sec. 4.3.2.1) 


Methodological Problems. Different baselines are used 
for various estimates. Two cost methods are used-- 
Actual and Retail Price Equivalent methods. (Sec. 
3.4.3.1) Inconsistent Retail Price Equivalent markup 
factors are used. (Sec. 4.3.2.1) 


Specify all emissions control systems com- 
ponents. Specify if Retail Price Equivalent 
or Actual Price Method is used. In either 
case, the source of cost estimates should be 
identified. 


Price Level 
Index 


Inadequate Documentation. Four of nine studies do not 
describe price index. (Sec. 3.4.2.1) 


Methodological Problems. Two studies use costs from 
previous studies without properly adjusting price 
indices. (Sec. 3.4.2.1) 


Convert all cost estimates to current real 
dollars. One agency (OMB, Treasury) should be 
designated to conduct or define price level 
index assumptions. 


Gasoline Price 


Inadequate Documentation. Price and grade of gasoline 


A single agency (DOE or OMB) should be desig- 
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and Grade not provided. (Sec. 3.4.2.1) nated to coordinate or specify all price 
assumptions. 
Methodological Problems. Different prices are used by 
different studies. (Sec. 3.4.2.1 and Sec. 4.2.2.2) 
Discount Inadequate Documentation. No indication of discount A single agency (EPA, DOT, or OMB) should be 
Factor factors used. (Sec. 3.4.2.1) 


designated to coordinate or specify all dis- 
count factor assumptions. 
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Vehicle Life- 
time Mileage 


Inadequate Documentation. Five of nine studies do not 


indicate vehicle lifetime mileage. 


(Sec. 3.4.2.1) 


A single agency (EPA, ODT, or OMB) should be 
designated to coordinate or specify all vehicle 
lifetime mileage assumptions (100,000 for 
automobile). 


Consumer 
Demand 


Methodological Problems. No studies attribute any 
component of product changes to consumer demand or 
preferences; all costs are attributed to Federal 


regulations. (Sec. 4.3.1.3) 


Agencies should attempt to estimate the impact 
of changes in consumer preferences and in 
manufacturers’ product plans. Only the cost 
of product modifications not resulting from 
changes in consumer preferences should be 
attributed to Federal regulations. 


/3Z, 


The provision of estimates for all components of costs and the provision of 
adequate documentation of cost estimates is, of course, our first and fore- 
most recommendation. This is an essential first step to enable policymakers 
to compare the costs of regulations and to assess the aggregate costs of 
Federal motor vehicle regulations. Once EPA and DOT are able to provide 
complete and well-documented cost estimates, care should be taken to ensure 
that the assumptions and methods used to develop these estimates are compa- 
rable and that aggregate estimates of the total costs of Federal regulations 
can be developed. 


We note that our review of regulatory cost estimates for automobile emissions 
control, safety, and fuel economy regulations does not address estimates 
prepared by automobile manufacturers or automobile parts manufacturers and 
suppliers. There is considerable variation among estimates prepared by 
Federal agencies and the various companies that either manufacture automo- 
biles or provide parts or supplies to automobile manufacturers. Disagree- 
ments over cost estimates are usually one of the most critical aspects of 
debates over regulatory proposals. 


Our cursory review of several industry cost estimates suggests that industry 
and Federal agency cost estimates are not always comparable. These estimates 
are frequently prepared using apparently different assumptions and methods. 
This tends to obscure the debate over the substantive merits of regulatory 
proposals. 


To promote the objective debate of the substantive merits of regulatory pro- 
posals, the concerned Federal agencies should work with industry representa- 
tives to identify the assumptions and methods used to prepare cost estimates. 
Differences should be identified, and where possible comparable methods and 
assumptions should be established. If disagreements concerning assumptions 
and methods cannot be resolved, each party might consider developing esti- 
mates of cost components based on each set of assumptions to facilitate a 
comparison of industry and- Federal estimates. We recognize that there may 
be many differences among various participants in the regulatory process 
and that our proposal is preliminary and requires further consideration and 
critical analyses. We only suggest here that this issue requires further 
consideration to promote the objective evaluation of regulatory programs by 
policy officials. 


2.2 PART III: TECHNOLOGICAL INNOVATION 

2.2.1 Overview 
In Part III of this paper, we examine the effects of Federal a’tomobile emis- 
sions controls regulations on emissions controls R&D expenditures by autcmo- 


bile manufacturers (GM, Ford, Chrysler, and AMC). R&D expenditures are con- 
sidered here as a proxy for innovation. 


In Section 4.1 we hypothesize that if we identify periods when the automobile 
industry did not anticipate the promulgation of Federal emissions control 


regulations, expenditures for emission controls R&D should be low. Simi- 
larly, if we identify periods when the automobile industry did anticipate 
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the promulgation of Federal emission control regulations, expenditures for 
emission controls R&D should be high. 


We identified two periods since 1967 when the automobile industry antici- 
pated that Federal eimssions standards would not be promulgated (1967-70 

and 1975-77) and two periods when the automobile industry anticipated that 
standards would be promulgated (1971-74 and 1978-80). 


We developed estimates of annual automobile industry R&D expenditures for 
emissions controls since 1967 to test our hypothesis. These estimates were 
based on industry reports. 


2.2.2 Findings 


The emissions controls R&D expenditures estimates developed and presented 
in Part III of this paper are summarized in Exhibit 2.3 (same as Exhibit 
5.2). These data tend to support our hypothesis. Emissions controls R&D 
expenditures declined in Period I (1967-70) and Period III (1975-77). Emis- 
sions controls R&D expenditures increased in Period II (1971-74) and Period 
IV (1978-80). 


EXHIBIT 2.3 
(same as EXHIBIT 5.2) 


SUMMARY OF R&D EXPENDITURES FOR EMISSIONS CONTROLS 
BY DOMESTIC AUTOMOBILE MANUFACTURERS* FROM 1967 TO 1980 


Actual Annual Expenditures 
Average for 
Expected Expenditures Emissions 
Level of for Emissions Controls 
Investment Control R&D R&D as a 
in Emissions (millions of Percentage 
Period Control R&D 1980S) of Sales 
Period I 1967-70** low $186 0.2 
Period II 1971-73 high $571 0.5 
Period III 1974-77 low $559 0.4 
Period IV 1978-80 high $672 0.5 


*General Motors Corporation, Ford Motor Company, Chrysler 
Corporation, American Motors Corporation. 

**We were not able to prepare estimates for 1964 through 
1966. 
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Furthermore, Congress adopted a strong “technology forcing" policy with the 
1970 Amendments to the Clean Air Act. We, therefore, expected to see more 
substantial R&D expenditures after the promulgation of regulations imple- 
menting the 1970 Amendments (Periods II, III, and IV) than before the amend- 
ments (Period I). As Exhibit 2.3 demonstrates, this hypothesis is also sup- 
ported by the data. The annual average emissions controls R&D expenditures 
in Periods II, III, and IV were $586 million. Prior to the 1970 Clean Air 
Act Amendments (Period I), annual average expenditures were $186 million or 
about one-third the annual average after the amendments. 


2.2.3 Conclusions 


The annual patterns of our estimates of industry expenditures for emission 
controls R&D since 1967 tend to support the notion that these expenditures 
were in part the result of strict Federal emissions control regulations. 
If R&D expenditures represent a proxy for technological innovation, then 
one might argue that Federal regulations induced innovation in the techno- 
logical development of emissions control systems. 


This does not imply that these Federal regulations did not also impose costs 
associated with diverting scarce R&D resources away from other efforts. 


There are several qualifications that should be noted concerning estimates 
of emissions controls R&D expenditures presented in Section 4.0. These emis- 
sion controls R&D expenditures estimates: 


0 do not include R&D expenditures by automobile parts manufac- 
turers and suppliers. 


° do not include expenditures by automobile manufacturers on 
R&D contracts with other organizations. 


Oo were based on data provided by the manufacturers. We have 
not confirmed the manufacturers’ estimates based on an 
independent review. 
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PART II: REGULATORY COSTS 
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3-0 Costs of Federal EPA Automebile Emissions Control Regulations 


3.1 Overview 


This section examines estimates of the costs of Federal automobile emissions 
control regulations. The Federal automobile emissions control regulations 
we examine in this section have been promulgated over a 16 year period, as 
a series of progressively more stringent limitations on the amounts of three 
pollutants--hydrocarbons (HC), carbon monoxide (CO), and nitrous oxides 
(NOx)--allowed to be emitted from automobiles. We will not consider here 
Federal regulation of sulfur oxides and lead. The series of standards we 
consider here is summarized in Exhibit 3.1. 


EXHIBIT 3.1 


FEDERAL AUTOMOBILE EMISSIONS CONTROL STANDARDS 
FOR MODEL YEARS 1970 TO 1981 


Standard 

(HC/CO/NOx in grams per mile) Model Year 
3.9/33.3/ - 1970, 1971 
3.4/39/- 1972 
3.4/39/3.0 1973, 1974 
1.5/15/3.1 1975, 1976 
1.5/15/2.0 1977, 1978, 1979 
.41/7.0/2.0 1980 
.41/3.4/1.0 1981 

Note: Standa 2 based on the CVS-CH test procedure 


(cold \ .« sampling, cold and hot start) or 
the CVS-CH equivalent of the standard promulgated 
based on the CVS-C test procedure. 


The costs of controlling automobile emissions are a matter of great concern 
to policymakers, the automobile industry, and the consumers who eventually 
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must bear much of the burden of these costs. The cost of meeting the strict 
standards originally set by Congress and EPA has proven to be an instrumental 
factor in the long history of delays and suspensions of the standards. The 
automobile industry was either unable or unwilling to produce cars that could 
meet the original strict schedule of standards at a reasonable price or with 
reasonable performance and fuel consumption. Even now, when most automobile 
producers are making cars that meet standards very close to the original 
standards set by Congress in 1970, the manufacturers still maintain that 
the costs associated with this level of control are excessive relative to 
the benefits provided. 


Congress, in the Clean Air Act Amendments of 1970, required EPA to set stand- 
ards that would reflect the legislated emissions reductions, but granted 
the agency no authority to consider costs when setting the standards. How- 
ever, in the 1970 Amendments, EPA was instructed to submit to Congress annual 
reports of the estimated costs of compliance with the standards. Cost esti- 
mates have also been developed by other government agencies and ad-hoc 
groups, by bodies such as the NAS, and by automobile manufacturers. Substan- 
tial differences in the costs estimated by different groups at different 
times can be observed. 


Indeed, the costs and benefits of exhaust emissions control are now a matter 
of intense debate during the current congressional hearings concerning the 

reauthorization of the Clean Air Act. The cost-effectiveness or cost/bene- 
fit ratio of mobile source emission regulations wiii be a critical factor 

in Congress’ determination of the severity of the emissions standards they 
establish for the next decade. 


However, a cost/benefit or cost-effectiveness analysis is only as good as 
its inputs. This section offers a critical analysis of past cost estimates 
of automobile emissions control regulations, the key inputs to a cost/benefit 
or cost-effectiveness study. It is our intention to identify methodological 
problems of cost estimates prepared for automobile emissions control regula- 
tion over the last decade, and to suggest ways that future analyses address 
these problems. We hope to offer legislators, Government officials, industry 
groups, and concerned citizens an understanding of the assumptions and 
methods behind the numbers. In the next section, we will examine EPA regu- 
lations as well as DOT regulations to determine if the problems identified 
in this section exist for a broader array of Federal regulations. 


This section of our study is divided into three parts. First, four compo- 
nents of the overall cost of emissions regulations are identified and de- 
fined. Second, a summary of the standardized results of nine major studies 
of cost estimates prepared over the last 13 years for the costs of automobile 


To facilitate comparison of estimates of costs among the nine 
studies we standardized the cost estimates by recalculating cost estimates 
for each study using the study's original methodology but substituting con- 
sistent input assumptions (such as price of gas, technology baseline, dis- 
count rates). A complete description of the procedures we used to stand- 
ardize cost estimates is provided in Appendix A. 
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emissions control regulations is presented. Third, the inconsistencies among 
the studies and the inadequacies of the regulatory cost accounting techniques 
employed over this 16-year period are identified. 


3.2 Costs Addressed in This Study 


This section is based on a retrospective cost analysis of automobile emis- 
sions control ptandards performed for the Intergovernmental Regulatory 
Liaison Group. The retrospective cost analysis addressed nine studies of 
the costs of automobile emissions standards, prepared either by EPA (with 
the cooperation of other Federal agencies) or the National Academy of 
Sciences (NAS). The studies are listed in Exhibit 3.2. Other Government 
agencies, including the Council of Environmental Quality, the Cost of Living 
Council, and the Office of Science and Technology Policy, and the automobile 
industry itself, have also developed cost estimates. However, the examina- 
tion of cost estimates developed outside of EPA and NAS was beyond the scope 
of the retrospective cost analysis and hence not addressed here. 


The unit costs of purchasing and operating a car are addressed in this paper. 
The aggregate costs to the Nation are not considered, even though these costs 
are estimated in some form or another by most of the studies that were exam- 
ined. This is not meant to imply that costs to the Nation are not as impor- 
tant as unit costs. They are excluded because few of the studies address 
costs to the Nation in a clear and unambiguous manner. Only the costs of 
purchasing and operating Otto cycle gasoline powered automobiles are exam- 
ined. Light duty diesel or rotary engine automobiles are not examined due 
to lack of sufficient historical data. 


This paper focuses on the increased overall cost to the consumer of pur- 
chasing and operating an automobile due to modifications made to comply with 
automobile emission standards. The overall cost can be broken down into 
four basic components: hardware costs, maintenance costs, fuel consumption 
penalty costs, and unleaded price penalty costs. The following dicussion 
defines these four costs. 


Hardware Costs: The cost of modifications or additions to the car body or 
engine attributable to meeting the pollution control standard for a given 
model year is considered to be the hardware cost of that model year. This 
is often referred to as the "first cost," because it reflects what the con- 
sumer pays when the automobile is first purchased, as opposed to expenses 
incurred later during operation of the vehicle. 


Retrospective Analysis of Cost Estimates for EPA Automobile Emission 
Control Regulations: 1970-1981 (Final Draft), prepared by ICF Incorporated 
for the U.S. Environmental Protection Agency, May 1981. 
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EXHIBIT 3.2 


MAJOR STUDIES OF THE COST OF AUTOMOBILE 
EMISSIONS CONTROL REGULATIONS 
1969 TO 1979 


Study Abbreviation 


The Cost of Clean Air 1969, U.S. Environ- 
mental Protection Agency, June, 1969. 


CC69 


The Economics of Clean Air 1971, U.S. Envi- 
ronmental Protection Agency, March 1971. 


EC71 


The Economics of Clean Air 1972, U.S. Environ- 
mental Protection Agency, February 1972. 


EC72 


The Cost of Clean Air 1974, U.S. Environmental 
Protection Agency, July 1974. 


CC74 


Analysis of Some Effects of Several Specified 
Alternative Automobile Emission Control 
Schedules (Dingell Report), Economic Policy 
Board, April 8, 1976. 


DR76 


Analysis of Effects of Several Specified 
Alternative Automobile Emission Control 
Schedules Upon Fuel Economy and Costs (Five 
Agency Study): U.S. Department of Commerce, 
U.S. Department of Transportation, U.S. 
Energy Research and Development Administration, 
U.S. Environmental Protection Agency, and 
U.S. Federal Energy Administration, February 1977. 


5A77 


An Analysis of Alternative Motor Vehicle Emission 
Standards (Three Agency Study): U.S. Department 
of Transportation, U.S. Environmental Protection 
Agency, U.S. Federal Energy Administration, 

May 19, 1977. 


3A77 


The Cost of Clean Air and Water 1979, U.S Environ- 
mental Protection Agency, August 1979. 


CC79 


Report of the Committee on Motor Vehicle Emissions 
1974, National Academy of Sciences, September 
1974. 


NAS74 
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Maintenance Costs: The nonfuel costs to the consumer of operating and main- 
taining a car over its useful lifetime attributable to meeting the emission 
control standards are maintenance costs. Usually, only the costs of sched- 
uled maintenance procedures (as opposed to unanticipated repairs) are 
included. The costs of Inspection/Maintenance Programs are not included. 
According to some of the nine studies, certain of the changes made to the 
cars actually decrease the frequency of maintenance routines. Therefore, 
there can be savings in maintenance costs due to pollution control systems. 
The maintenance costs (or benefits) reported in this study are the net costs 
(or benefits) due to pollution control regulations. 


Fuel Consumption Penalty Costs: Fuel consumption penalty costs® are defined 
as the cost of the additional fuel consumed by a car over its useful lifetime 
attributable to the changes made to the car to comply with emissions control 
standards. Emissions control measures that have a significant impact on 
fuel economy are summarized in Exhibit 3.3. 


Unleaded Price Penalty Costs: The catalytic converter has been an integral 
part of pollution control systems for most cars since model year 1975. The 
catalytic converter can function properly only if unleaded gasoline is used 
by the motorist. The use of leaded gasoline will in a short time deactivate 
the catalyst, rendering it unable to control exhaust emissions. The intro- 
duction of unleaded fuel to the marketplace in the mid-1970s was done solely 
to protect the catalytic converter from deactivation. Therefore, the extra 
costs to the consumer of unleaded gasoline are fully attributable to automo- 
bile pollution control standards. The unleaded price penalty costs, then, 
are the costs to the motorist of paying a higher price for unleaded fuel 
over the lifetime of the vehicle. The unleaded price penalty costs are cal- 
culated based on the unleaded differential which is defined ag the differ- 
ence in cost per gallon between regular and unleaded gasoline. 


A clear distinction should be made between the fuel consumption penalty and 
the unleaded price penalty. The fuel consumption penalty costs, as defined 
in this study, reflect the effects of increased consumption of gasoline. 


. The dollar value of the fuel consumption penalty is calculated as 
follows using a standard price of fuel of 50¢ per gallon (this is the cur- 


rent price of fuel in 1967 dollars): nk dill — 
Fuel Penalty/Benefit Price of 
expressed as a per- 100,000 miles fuel: 
Dollar Value centage gain/loss lifetime mi leage| 50¢/gal 
of — — 


Fuel Penalty = 
[MPG of model year under consideration] 


° The dollar value of the unleaded price penalty is calculated as 
follows: ‘ainietn tihitaie seniite 
100,000 miles Unleaded Differ- x Percentage of 
lifetime ential expressed Cost with Catalytic 
egg |_sileage ae ae in ¢/gal mg oe Converter 
rice 
Penalty = 


{MPG of model year under consideration (100 ¢/$)] 


147 


BEST COPY AVAILABLE 


EXHIBIT 3.3 


EFFECT OF POLLUTION CONTROL DEVICES ON FUEL CONSUMPTION 


Effect on 
Measure Fuel Consumption 
Retarded Spark Timing negative 
Rich Air/Fuel Ratio negative 
Port Exhaust Gas Recirculation negative 
Lowered Compression Ratio negative 
Quick Heat Manifold positive 
Lean Air/Fuel Ratio positive 
Heated Intake Air positive 
Catalytic Converters neutral 


Source: Tradeoffs Associated with Possible Emissions Standards, 
U.S. Environmental Protection Agency, February 
1975. 


The unleaded differential penalty costs, on the other hand, are affected by 
the size of the fuel consumption penalty. An alternative way of calculating 
the fuel consumption penalty and the unleaded differential costs is to have 
the fuel consumption penalty costs affected by the unleaded differential, 
but the unleaded differential costs not be affected by the size of the fuel 
consumption penalty. 


A simple example, presented in Exhibit 3.4, illustrates the differences 
between the methods. The method used in this study calculates the fuel con- 
sumption penalty costs with the price of regular gas, so that the costs of 
unleaded gasoline and hence the differential do not affect the results. 
This represents the “pure” fuel consumption penalty costs. However, the 
method calculates the unleaded price penalty costs with the current model 
year's miles per gallon (MPG), so that any increase in MPG, and hence any 
fuel consumption benefit or penalty, would affect the results. 


The alternative method calculates the fuel consumption penalty costs using 
the price of unleaded gasoline. Thus, the unleadc< price differential will 
affect the results. The unleaded price differential, however, is calculated 
using the base year's MPG, so that any changes in fuel consumption do not 
affect the results. Therefore, this would be the “pure” unleaded price 
penalty costs. As Exhibit 3.4 shows, both methods yield the same overall 
costs of the fuel consumption penalty plus unleaded price differential. 
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EXHIBIT 3.4 


EXAMPLE OF FUEL CONSUMPTION AND 
UNLEADED PRICE PENALTY CALCULATIONS 


Fue! Consumption Pensity Unieasded Price Pensity Total Pensity 


I a/ i 

iMethod Used in | _(1051150¢/98111100.000 eiigs)  _ : d55 $333 
thi 

: is Study 


|e 
l 


latternstive —(1051516/99111490,000 ites) |, —Lisigat}i100.000 eitesd—- $333 


10% Fue! Consumption Pensity, besed on en incresse in consumption from 20 apg to 18 apg. 
1+/ga! untesded price differentisi 


: ! soline price 
300/800 sites tifetias si teage 


Assumptions: 


a/S276 represents the fuel consumption pensity costs independent of the unteades price differentis! effects. 
b/$50 represents the uniesded differentia! costs independent of the fue! consumption pensity effects. 


One final point should be made regarding the fuel penalty. EPA has promul- 
gated certain regulations requiring that the lead content of regular gasoline 
be reduced (lead phase-down). The purpose of these lead phase-down regula- 
tions is to reduce the emissions of lead particles. They have nothing to 
do with protecting the catalytic converter's ability to control gaseous emis- 
sions. Therefore, costs incurred by the petroleum industry to meet lead 
phase-down requirements should not be attributed to emissions control regu- 
lations. None of the cost estimates we examined explicitly addressed this 
problem or indicated that lead phase-down costs were not improperly attrib- 
uted to emissions control regulations. 


3.3 Cost Estimates Summary 


The standardized estimates of total costs to consumers in 1967 dollars asso- 
ciated with automobile emissions control regulations are summarized in 
Exhibit 3.5 and graphically presented in Exhibit 3.6. 


149 


BEST COPY AVAILASLE 


EXHIBIT 3.5 


TOTAL COSTS (BENEFITS) TO CONSUMERS 


(1967$) 
TO: 7 Te- 
rence 
STUDY Bet- 
ween 
Sten- First 
Gard Coeff. i& Lest 
Mode | cce9 | EC71 | ECT2 | CCT& | WAST&! DR76 | SAT7 | 3A77 | CCTS Devi-i of | Esti- 
prear_| _Siscoace mess i sion) ver aace 
1970 | 3.9/33.3/- 33. | (60) | 63 | 293 -- -- -- e- | 333 133 | 172 | 129% | +300 
1972 | 3.&/39/- ro- §£ (35) | 349 | 407 -- -- -- -- | 455 294 | 223 | 76% | +490 
1973 | 3.4/39/3.0 -- 67 | 492 | 550 | 556 -- -- -- | 571 &S3 | 207 | 46% | eueu 
1975 | 1.5/15/3.1 + -- -- [| 418 | 162 -- -- -- | 128 236 | 189 | 77% | -290 
1977 | 1.5/15/2.0 -- -- -- -- -- -- -- -- | 125 N/A N/A | M/A | ON/A 
1980 | .&1/7.0/2.0 -- -- -- -- -- -- -- [| 198 | 288 228 | N/A | N/A | 490 
1981 | .&1/3.4%/1.0 -- -- -- -- | 209 | &23 | 391 | 310 | 351 345 68 | 20% | +102 


With the exception of the 1975 model year standard, there is a dramatic 
increase in the cost estimates from the first estimate to the last estimate. 
This increase usually represents a consistent upward trend in the revision 
of cost estimates. 


For model year 1981 there is a slight downward trend after a sharp increase 
from the NAS74 estimate to the DR76 estimate. For the 1970, 1971, and 1972 
model year standards there appear to be consistent inital upward revisions 
from the EC71 estimates to the EC72 estimates with a continuing moderate 
rise in costs through the recent studies. However, to understand the changes 
in overall costs, the components of the total cost estimates (hardware, main- 
tenance, fuel penalty, and unleaded price penalty) must be examined. 


The total cost estimates presented in Exhibit 3.5 and the components of total 
cost estimates for model year 1980 are graphically presented in Exhibit 3.6. 
Graphic presentations of standardized costs are presented in Appendix C for 
model years 1970, 1972, 1973, 1975, 1977, and 1980. This exhibit and the 
exhibits in Appendix C seem to indicate that while there is little varia- 
tion in the costs associated with hardware and the unleaded gas costs, the 
costs associated with the fuel consumption penalty and maintenance costs 
vary considerably. 
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EXHIBIT 3.6 


TOTAL COST ESTIMATES AND COMPONENTS OF TOTAL COST ESTIMATES FOR THE 
1970, 1972, 1973, 1975, 1980 AND 1981 MODEL YEARS BY STUDY 


Costs | mass pa76 77 a7 cc79 
$440 
oe 
; Total 
fod 
$320 
$280 | Hardware Costs 
$240 ge 
$200 
$160 
$120 : 
$60 | a - 
Maintenance Costs it 
ty Costs 
a Estimate 
$40 vel Consumption Costs Publication 
Date 
$60 BAS74 DR76 SA77? 3A77 cc79 
Benefits 


The early, or pre-EC72 studies, uniformly estimated low fuel consumption 
penalty and maintenance costs. After EC72 there continues to be consider- 
able variation among the estimates for these cost components. For example, 
fuel consumption penalty estimates for the 1981 model year standard vary 
from a penalty of $50 (NAS74) to a savings of $44 (3A77) with a mean of a 
$7 penalty and a standard deviation of $40. Maintenance cost estimates vary 
from a low of $8 per year (NAS)74 to a high of $78 per year (DR76 and 5A77). 
The following section examines the assumptions and methods used to estimate 
these costs to identify why this variation may have occurred. 


3.4 Analysis of Cost Estimation Methodologies and Assumptions 


To understand the cost estimates of a pollution control standard requires 
that one has a clear idea of the assumptions and methodologies that were 
employed to derive those costs. The purpose of this section is to provide 
this understanding by examining the assumptions and methodologies employed 
by the nine studies examined. In some instances we were not able to deter- 
mine the methodologies employed, even after conversation with the authors 
and analysts responsible for their preparation. In these instances, we 
reconstructed the methods, where possible, in consultation with the 
Original authors. 


The problems with past cost estimation studies can be grouped into three 
categories, (1) omission of cost components, (2) inadequate documentation, 
and (3) methodological problems. These three categories are discussed below. 


3.4.1 Omission of Cost Components 


All four cost components--hardware costs, fuel penalty costs, maintenance 
costs, and unleaded price penalty costs--are critical parts of the total 
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costs of emissions control regulations. Omission of any one of these compo- 
nents renders a cost analysis incomplete. Four of the nine studies examined 
here left out one component of the costs; none left out more than one. 


Hardware Costs: Every study examined presents some form of hardware 
cost information. 


Maintenance Costs: Every study examined presents some form of 
maintenance cost information. 


Fuel Consumption Penalty Costs: One of the nine studies, CC69, 
presents no estimate of the fuel consumption penalty costs. 


Unleaded Price Penalty Costs: Only six of the nine studies esti- 
mate the costs of catalytic converter based pollution control 
systems. Of these six, half do not estimate the unleaded price 
penalty (3A77, 5A77, DR76). 


3.4.2 Inadequate Documentation 


The value of a cost analysis fades rapidly after its publication unless three 
Criteria are satisfied: (1) cost estimates are reproducible, based on the 
input data, (2) cost estimates are comparable with estimates presented in 
other studies, and (3) cost estimates are easily revised using alternative 
assumptions. 


Without proper documentation, none of the above criteria can be satisfied. 
Every one of the nine studies examined failed to document in an adequate 
fashion one or more critical input assumptions. We will not provide here 
an exhaustive catalogue of what each study neglected to describe. Instead, 
the more important omissions committed by one or more studies will be 
discussed below. 


3.4.2.1 General Assumptions. This section describes omissions by various 
studies of the documentation of critical general assumptions. The assump- 
tions omitted are frequently so critical to the cost estimates that it 
becomes nearly impossible to analyze the variances of cost components among 
the studies examined. 


Price level index. The price level index of all costs must be specified, 
or the cost estimates are meaningless. If costs are borrowed from previous 
studies, the analyst must be careful to adjust these costs to the price level 
of the current study. One study, CC74, was a particularly egregious violator 
of this rule. The introduction of CC74 states that all costs were in 1973 
dollars. However, the table of hardware costs in CC74 was identical to a 
table in an earlier report, EC72, whose costs were in 1970 dollars. This 
same table in CC74 was also virtually identical to another table in CC79, a 
later report, that apparently used nominal dollars. Therefore, it is not 
clear whether the hardware costs are in 1973, 1970, or nominal dollars. 
Including CC74, four of nine studies did not clearly specify price indices 
(CC69, 3A77, CC79). 
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Vehicle lifetime mileage. The lifetime mileage of a car is an essential 
input to the calculation of the lifetime costs of the unleaded price and 
fuel consumption penalties, and in certain instances, for maintenance costs. 
Five of the nine studies, CC69, EC72, CC74, 3A77, CC79, did not give an esti- 
mate of the vehicles’ lifetime mileage. 


Discount factor. The selection of discount factors makes a difference in 
the relative importance of hardware costs, or "first" costs, versus the main- 
tenance, fuel penalty, and unleaded price penalty costs which are incurred 
in the future. Obviously, the higher the discount factor, the less important 
future costs are than present costs. Although it is not specified in the 
texts of the nine studies, the real discount factor used in the studies seems 
to be zero. 


Price and grade of gasoline. The present and future price of gasoline 
assumed by a study makes a large difference in the lifetime fuel consump- 
tion penalty calculations. Of course, the grade(s) of gasoline that is 
assumed to be consumed now and in the future should also be specified, 
because the price of gasoline is related to the grade of gasoline. Three 
out of the eight applicable studies, CC74, 3A77, and CC79, did not estimate 
the price of gasoline. Only two out of the five studies, CC71, and NAS74, 
that estimate the price of gasoline specify what grade of gasoline was to 
be used. 


3.4.2.2 Hardware Costs Assumptions. This section describes omissions in 
the documentation provided by various studies of critical hardware costs 


assumptions. 


Itemization of costs. Hardware component costs are frequently not individ- 
ually identified. Of the nine studies considered here, only five completely 
itemize hardware costs (CC69, CC74, 3A77, 5A77, DR76), and only two (DR76, 

5A77) completely itemize maintenance costs. 


Location on the learning curve. If hardware costs are derived using the 
retail price equivalent method (see the following section for a definition 
of the actual price method), then the position of the manufacturers on their 
learning curve should be specified. Learning curve effects refer to the 
decreases in costs of production due to increased production efficiencies 
resulting from learning about the production process. For example, if the 
first million catalytic converters cost $100 each to build, the next million 
may only cost $80 each. Only NAS74 addresses learning curve effects. 


Fixed Cost Amortization. R&D expenses, tooling expenditures, and certain 
labor costs are among the fixed costs of producing pollution control hard- 
ware. These fixed costs are amortized over a sales base determined by the 
companies. No studies indicate assumptions concerning the sales base over 
which fixed costs are amortized. This is a critical factor because as the 
sales base increases or decreases, unit costs associated with emissions con- 
trols either increase or decrease. 
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Fixed and variable costs. If costs are not derived using the actual price 
method, then the fixed and variable components of hardware costs should be 
identified. None of the studies examined provides estimates for fixed and 
variable costs. 


Equipment for Evaporative Emission Control. Five of the nine studies did 
not separately itemize the costs of evaporative and exhaust emissions con- 
trols (EC72, NAS74, DR76, 5A77, 3A77). All equipment and maintenance proce- 
dures required for evaporative as well as emissions controls should be iden- 
tified. This allows analysts to determine separately the costs of exhausts 
emissions controls. 


Equipment for Crankcase Blowby Emissions Control. The control of crankcase 
emissions was required on a national basis in 1968, long before the passage 
of the Clean Air Act of 1970, but the costs of crankcase controls are often 
included with the costs of exhaust emissions controls. The data necessary 
to isolate these crankcase control costs from other costs is provided in 
only two of the studies examined (CC74 and CC79). 


3.4.2.3 Maintenance Costs Assumptions. This section describes omissions 
in the documentation provided by various studies of critical maintenance 
cost assumptions. 


Itemization of costs. Hardware component installation and maintenance costs 
are frequently not individually identified. Of the nine studies considered 
here, only five itemize hardware costs (CC69, CC74, 3A77, 5A77, DR76), and 

only two (DR76, 5A77) completely itemize maintenance costs. 


Maintenance schedule. Two of the nine studies, 3A77, and CC77, have inade- 
quate maintenance schedule documentation. A critical component of lifetime 
maintenance costs is the schedule of required maintenance tasks. If a fairly 
detailed schedule of maintenance tasks is not available, it is difficult to 
compare the maintenance costs estimates. 


Labor costs. None of the studies examined specifies the parts and labor costs. 
Without specification of these costs, comparisons among studies are difficult. 


3.4.2.4 Fuel Consumption Penalty Costs Assumptions. This section describes 
omissions in the documentation of critical fuel consumption penalty costs 
assumptions. 


Fuel consumption data. Only three of the studies examined indicate the fuel 
consumption of the baseline vehicles and the vehicles affected by the stand- 
ard under consideration (3A77, CC74, CC79). Without these data, it is not 
possible to isolate the substantive differences between the studies’ esti- 
mates of fuel consumption penalty costs. 


Method of measuring fuel consumption. Of the five studies that provide any 
fuel consumption data, only two, DR76 and 5A77, specified the method used 
to measure fuel consumption. Fuel consumption can be tested on a chassis 
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dynanometer, such as the EPA Urban and Highway cycle tests, or in actual 
road use. Because pollution control equipment may affect fuel consumption 
differently, depending on the fuel consumption test used, it is critical 
that the method of measurement be specified. 


Vehicle weight. Vehicle weight affects fuel consumption; in general, the 
heavier a car, the more fuel it consumes. Therefore, the weight of the 
vehicle or fleet of vehicles under consideration is critical to an under- 
standing of cost estimates for fuel consumption penalties. Of the five 
studies that furnish fuel consumption data, only three, DR76, 3A77, and 5A77, 
specify the vehicle or average fleet weights. 


Baseline Vehicle or Fleet MPG. In three out of the eight applicable studies, 
CC74, 3A77, and CC79, the fuel penalties are presented as a simple numerical 
\r percentage increase (or decrease) in fuel consumption per mile. Unfor- 
tunately, this alone does not provide the information necessary to calculate 
the lifetime doliar costs of the fuel penalty. It is also necessary to know 
the baseline fuel consumption that the increase is applied to. As the 
example in Exhibit 3.7 illustrates, the same penalty (4 percent or 2 MPG) 
applied to different baselines (15 or 25 MPG) results in different costs. 
This example assumes a useful vehicle life of 100,000 miles and a fuel price 
of 50¢ per gallon in 1967$. 


EXHIBIT 3.7 


EXAMPLE OF FUEL CONSUMPTION PENALTY COST ESTIMATES 
USING ALTERNATIVE FUEL ECONOMY BASELINES 


i | | 4 
[Energy Consumption | 4% Penalty | 2 MPG Penalty | 
| Baseline | | | 
= lj } j 
' | q q 
| 15 MPG $133 | $513 | 
L ij i j 
r uy 7 ; 
25 MPG | $80 | $174 | 
L = ' j — 


Assumptions: Vehicle life of 100,000 miles and fuel price of 50¢ per 
gallon in 1967 dollars. 


3.4.2.5 Unleaded Price Penalty Costs Assumptions. This section describes 
omissions in the documentation of critical unleaded price penalty costs 
assumptions. 


Only two studies provide information on the components of the unleaded price 
penalty costs (CC74 and NAS74). These components include the refinery cost 


155 BEST COPY AVAILAPLE 


differential, the distribution cost differential, and the "third pump" cost 
differential, which represents the components of the unleaded penalty costs 
estimates. 


3.4.3 Methodological Problems 


This section examines the problems we have identified with the cost estima- 
tion methodologies employed by the nine studies. A variety of valid meth- 
odologies can be employed to estimate the costs of regulation. What is 
important is not the choice of the “best” methodology but the ability of 
policymakers to understand the effect of each alternative cost accounting 
method on the cost estimate. 


3.4.3.1 Hardware Costs--Actual versus Retail Price Equivalent. Two distinct 
methodologies are employed by the nine studies to develop hardware cost esti- 
mates. The first, employed by 3A77 is the actual price method. It attempts 
to estimate the actual retail price the consumer pays for pollution control 
equipment and modifications. The second is the retail price equivalent 
method, which attempts to estimate the costs of pollution control to the 
manufacturer, and applies a standard markup to reach a retail price equiva- 
lent. There is a profound difference, at least in theory, between these 
two methods. These differences are discussed below. 


The actual price to the consumer for pollution control hardware in any given 
model year is not necessarily the same as the cost of pollution controls to 
the manufacturer (plus a standard profit markup). The eventual cost passed 
through to the customer is affected by many factors related to a firm's 
marketing policy or ability to pass on product price increases to consumers. 
Firms may choose to pass on to consumers different fractions of the costs 
associated with emission control devices. 


Retail price equivalents are the costs to the manufacturer of making the 
modifications and additions to the cars necessary to meet the emissions 
standards, plus a normal markup percentage. The estimates of manufacturing 
cost are obtained from submissions by manufacturers to the EPA, or from 
engineering study estimates of the costs of an emissions control system. A 
markup factor is then applied to the manufacturing costs to obtain the retail 
price equivalent. Earlier industry studies, sensitive to the public's 
feeling that manufacturers should not make a profit from pollution control 
equipment, tended to use low or zero markup factors, while later industry 
studies recognized that the cost of pollution controls was no different from 
the cost of any other automobile component, and used a standard markup. A 
simple example may help to illustrate the differences between retail price 
equivalents and actual costs. 


For model year 1977, the California emission standard was .41/9.0/1.5 while 
the Federal standard was 1.5/15/2.0. Because the California standard was 
stricter than the Federal 49-State standard, a car meeting the California 
standards was probably more expensive to marufacture than a 49-state car. 
However, depending on the marketing strategy of the manufacturer, the extra 
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costs of the California car could have been passed on to the consumer in at 
least three ways: (1) all of the extra costs could be included in the 
sticker price of cars sold in California, (2) all the costs could be included 
in the sticker price of all cars sold in the United States, or (3) there 
could have been a partial allocation between California and 49-State cars. 
In the last two cases, the purchaser of cars sutside of California would be 
subsidizing the costs of producing cars purchased and used in California. 
Under the retail price equivalent method, these different allocation methods 
would not be reflected in the hardware cost estimates. However, under the 
actual price method, the retail price would reflect marketing-related pricing 
decisions made by the manufacturer. 


3.4.3.2 Hardware Costs--Industry Data. Hardware costs submitted by industry 
to EPA for the calculation of retail price equivalents are of uncertain 
value. The accounting systems in use by the four domestic automobile manu- 
facturers do not necessarily capture the actual production costs of a given 
piece of hardware. 


In general, costs generated by industry cost accounting systems are dependent 
on decisions made about capital investment writeoff periods, joint product 
cost overhead allocation, and material prices. These decisions are not made 
consistently from company to company, or even within one company over time. 
Costs are developed to serve many purposes: to predict economic effects of 
decisions, to determine income and asset valuations, to establish managerial 
goals, and, of course, to submit to regulatory agencies. The costs for the 
Same item supplied to the Government by two different manufacturers are not 
necessarily comparable. Because the details of an accounting system of a 
private firm are not open to public scrutiny, it is not possible to stand- 
ardize the costs generated by the individual firm's accounting systems. In 
personal conversations with the financial staff of two automobile manufac- 
turers, this lack of comparability was confirmed among cost estimates pro- 
vided by different manufacturers. 


Many of the earlier EPA studies depended on industry submission of cost data. 
It is safe to say that very few firms have set up their accounting systems 
so that the cost data produced are optimal for evaluating the costs of pol- 
lution control. EPA has recognized this problem, and contracted for the 
development of a cost accounting system of genera}, applicability, including 
a full documentation of all allocation decisions. 


Another problem with industry supplied data is that the costs to the firm 
of manufacturing pollution control devices, as the costs of manufacturing 
any other parts, are considered confidential information by the automobile 


16 Cost Estimates for Emission Control Related Components/ Systems and 
Cost Methodology Description, Rath and Strong Inc., March, 1978. 
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industry. Manufacturers argue (with good reason) that this type of infor- 
mation would be very useful to competitors in formulating their pricing 
policies. The net effect, however, is that cost information supplied by 
industry available to the public tends to lack detail, be highly aggregated, 
and have a good deal of imprecision. For example, the Bureau of Labor 
Statistics (BLS) has access to confidential cost information of the automo- 
bile producers; most likely this information is provided with a high level 
of detail. Unfortunately, to preserve the confidentiality of the data, the 
BLS publications (Report on Quality Changes for New Model Passenger Cars) 
will only report the data at a very high level of aggregation. 


3.4.3.3 Fuel Consumption Penalty Costs--Vehicle Weight The weight of the 
car has a profound effect on fuel economy. In general, the heavier the car, 
the more fuel it consumes. For a 100-pound increase in vehicle weight, the 
average motorist sf expect fuel efficiency (during city driving) to decrease 
by about 0.2 MPG. The weight related fuel economy effects are greater 
for smaller cars than for larger cars, but in general, for a car that nor- 
mally gets 20 MPG, a 100-pound increase in weight will increase the lifetime 
costs of the car about $50 (1967S). 


As a rule, the larger the car, the more gasoline it consumes and, hence, 
the more grams per mile of pollutants (particularly NOx) need to be con- 
trolled. If the pollution control techniques impose a fuel penalty for the 
average weight car, it follows that heavy cars with more equipment would 
have a more severe penalty. 


The weight mix of the new car fleet has changed significantly from the 1968 
model year to model year 1980, as can be seen in Exhibit 3.8. Cars became 
progressively heavier from the precontrol years to model year 1975, and have 
since become lighter. Care must be taken not to allow increasing weight 
trends to bias fuel penalty calculations upwards, and decreasing weight 
trends to bias fuel penalty c... ulations downwards. 


. "Drive More, Pay Less," Chrysler Corporation Press release of May 
24, 1973. 
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CHANGE IN AUTOMOBILE WEIGHT OVER TIME, 


EXHIBIT 3.8 


PRECONTROL MODEL YEAR TO 1980 MODEL YEAR 


Percent of New Car Fleet 


Gross Vehicle Weight! Precontrol| MY 70 MY 75 MY 80 a/ 
4,500 lbs and over 27.2 40.4 50.1 7.6 
3,000 to 4,499 lbs 63.1 42.5 35.7 62.7 
2,000 to 2,999 lbs 9.7 17.1 14.1 29.5 


a/ 1980 fleet weight mix was estimated. 


Source: Murrell, J.D. et al., Passenger Car and Light 
Truck Fuel Economy Trends Through 1980, SAE 


# 800853, June 1980. 


The EPA has developed a simple methodology to isolate the weight effects on 


fuel penalty; unfortunately i’: has not been used, as far as can be deter- 
mined, in any of the studies examined here. 


in Exhibit 3.9. 


EXHIBIT 3.9 


This methodology is illustrated 


METHODOLOGY OF ISOLATING THE EFFECTS OF WEIGHT 


ON THE FUEL PENALTY 


Base Mode! Year Fieet 


Current Mode! Year fieet 


| | 
| Gross | | Gross | | | Fuel Pensaity | Fue! 
| Venicte | Setes ! Vehicie | Sates | | Decrease in ! Penaity 
| Weight F MPC l i c i mPG Ut «CMPC from the ! Cost 
! ! | Base Mode! | Estimate 
1! 2,000 |} 10% 24.0 1! 2,000 | 15% 29.0 | Year Fieet to (lifetime 
{ 3,000 | 305C*«C*S 22.0 { 3,000 | 35% 22.0 | the Current costs) 
| &,000 | 40% 20.0 | &,000 | 40% 17.0 | Mode! Year 
} 5,000 20% 18.0 : 5,000 } 10% 14.0 ! Fieet 
| Sales Weighted | | | | 
| Average | 3,700 oe | 20.6 { 3,450 | oo- 9.17 | 6.4% $167 
L l ] - ] ‘% 1 
| Sates weigntec | | | | | | 
| Average at | | ! ! | | | 
| Current Mode: | ! ! ! | | ! 
| Year Sales ! ! ! | | | | | 
| Fractions i 3,450 | --- {| 21.0 | 3,450 | --- | 19.1 | 9.1% ! $237 
1 l | 8 l 1 j i 7 
! 
| Oifference | | 2.7% | §70 
L | l l 
Fo? PNHDV errArL ADLE 
eS i 42: sulin * 
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The sales weighted average upg)? is developed for the current year model 

fleet. But to eliminate the effects ot the shift in weight mix, the base 
fleet weight classes are weighted by the current model year sales, instead 
of the base model year sales. 


As Exhibit 3.9 shows, if the base model year fleet had not been properly 
weighted at current sales fractions, the fuel penalty would have been under- 
estimated by more than two percentage points (6.4% instead of 9.1%), trans- 
lating into a $70 difference in lifetime costs. 


Of the eight studies that calculate a fuel penalty, all attempt in some 
fashion to isolate the effects of vehicle weight on fuel economy from the 
fuel penalty. However, some of the methodologies employed are of question- 
able validity. Two studies, DR76 and 5A77, look at a modified adjustment 
of the fuel penalty of a 4,000 pound car. The fuel penalty of a 4,000 
pound car is not the same as the average fuel penalty of a sales weighted 
fleet, even 43 fleet with an average weight of 4,000 pounds. In fact, a 
study by EPA has shown that looking at one weight of cars can be pro- 
foundly misleading. In some instances, heavier cars have experienced de- 
creased fuel economy while lighter cars of the same year experienced 
increased fuel economy. 


The methodologies apprently used in the studies to calculate the fuel pen- 
alties are very different; even if the same fuel consumption figures are 
used to calculate fuel consumption penalties, each study would derive quite 
different fuel consumption penalty estimates. Unfortunately, none of the 
studies used the same fuel economy data, and furthermore none of the studies 
furnishes or cites unambiguously the fuel consumption figures that were used 
in the fuel consumption calculations, so that a precise analysis of variance 
between the fuel penalty estimates of the five studies is not possible. 


What can be shown, however, is that given exactly the same fuel consumption 
and sales figures, each study's methodology would give a different result. 
The following simplified example illustrated in Exhibit 3.10 shows this, 
using hypothetical but realistic fuel economy and sales assumptions. 


Four studies, NAS74, DR76, 5A77, and CC79, are included in this example. 
The mileage and sales fraction data are the same as those shown in Exhibit 
3.9. The NAS74 method simply calculates the percentage change in fuel econ- 
omy from the base year to the current, year of a certain size car, in this 
hypothetical example a 4,000 lb. car. . No other adjustments are made. 


as Actually the sales-weighted fuel consumption (gallons per mile-GPM) 


is calculated, and then converted to MPG. 


AS A Report on Automotive Fuel Economy, p. 9, table 3, U.S. Environ- 
mental Protection Agency, February 1974. 


The NAS method did not actually estimate the fuel penalty of the 
4,000-lb. car, but rather the fuel penalty of a 6-cylinder intermediate size 
domestic model car. At the time NAS wrote their study, 6-cylinder cars 
weighed from 2,700 lbs (Gremlin) to 4,000 lbs (Bel Air), with the typical 
car about 3,500 lbs. WARDS Automotive Yearbook, 1973, p. 204-205. 
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EXHIBIT 3.10 


FUEL CONSUMPTION PENALTY METHODOLOGY USED BY FOUR STUDIES 


' Methodolosy Umployed Methodology employed by ~ Methodo! Emp! 
' by NAS74 DR76 anc SAT7 crs — | 
| 
I 
Fue! | MPG &,000, current - MPG 4,000, current - SWMPG current -** | 
Penaity | Lal °, base —MPC 4.000, base x §,W, Average Weight* Soe Ease. ah cucent we aa n igns_| 
MPG &,UU00, base MPG 4,COU, base 4,000 PG base, 8t current weight 
| 17.0 - 20.9 =-15% 17.0 - 20.0 x hy = 12.9% ar - 21.9 = -9. 
20.0 20.0 &,000 ou 6.8 


15% fuel Penalty 12.9% Fuel Penalty “9.0% Fuel Pensity 


eae ee ee eee 
Sc ce Pee eee ae 


| 
] 
" 5 i 5 ] 
Lise FP. (50¢ 1){10 mi (12.95 F.P. eee mi.) 1 (9.0% F.P. )(50C/ga!)(10 mi.) 
Fuel 17.0 MPG 17.0 MPGPT | 19.1 MPC 
Penaity | j 
Cost 1 
! 
$4uu1 $379 } $235 


*Saies weighted average weight. 
**Sales weighted MPC. 


The DR76 and 5A77 technique takes the fuel penalty of one weight class of 
car, 4,000 pounds in this example, and adjusts the fuel penalty for this 
vehicle by multiplying it by the ratio of the current model year sales 
weighted average fleet weight (in this example 3,450) and the vehicle's 
weight of 4,000 lbs. CC79 is believed to use a very different method of 
fuel penalty calculation, which divides the current model year sales 
weighted average MPG by the base year average MPG, weighted at the current 
model years sales weight fractions. 


The differences between the three methods, using the same data, can be very 
significant, as illustrated in Exhibit 3.10. From the same data, the NAS74 
method calculated a fuel penalty of $441, which is 16 percent greater than 
the fuel penalty of $379 based on the DR76/5A77 technique and 87 percent 
greater than the $235 penalty based on the CC79 technique. 


3.4.3.4 Unleaded Price Differential Costs. The costs of making unleaded 
(not low-lead) gasoline are incurred solely to allow use of catalytic con- 
verters as a viable pollution control measure. Therefore, the unleaded dif- 
ferential represents an integral part of the costs of pollution control. 


However, unlike hardware costs, fuel penalty costs, and maintenance costs, 
the unleaded price differential is directly influenced by other Government 
regulations, specifically DOE price regulations. The two latest EPA studies 
CC74, CC79, attempt to isolate the effects of DOE price regulations by ig- 
noring the actual retail differential between unleaded and leaded gasoline. 
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Instead, they estimate (or based their estimates on) the total national costs 
of manufacturing and marketing unleaded gasoline over a fixed period, and 
divided these national costs by the amount of gallons sold during that same 
period. This method of estimating the unleaded price differential is en- 
tirely analogous to the retail price equivalent method of estimating 
hardware costs. 


EPA's method of compensating for DOE price regulations might be unnecessary 
and even biased, because the actual retail differential historically has 
been substantially greater than EPA's differential in price between unleaded 
and leaded gasoline, so as to discourage "fuel switching" (the use of leaded 
gasoline in cars equipped with catalytic converters). Hence, it would seem 
that the actual unleaded differential would have been even higher in the 
absence of DOE price regulations. Apparently, retail marketing considera- 
tions have caused the profit margin on unleaded gasoline to be greater than 
for leaded gasoline. 


3.4.3.5 Maintenance Costs. Two distinct methods of looking at maintenance 
costs have evolved. The first, used by NAS74, is to include all scheduled 
maintenance activities that are required to keep a vehicle in compliance 
with the emissions standards. This means that such routine activities as 
spars plug changes and oil changes are included. The second method only 
includes incremental maintenance costs made necessary by the standards. 
Therefore, meintenance routines required to keep a car's emissions low, but 
that were already being performed before the standard went into effect, would 
not be ingluded. This is the method used by EC69, EC71, EC72, DR76, 3A77, 
and 5A77. The first method would appear to include costs that should prop- 
erly be included in the baseline. Quite simply, tuere is no reason to charge 
a cost to a regulation, if the cost was being regularly incurred before the 
regulation was in effect. 


3.4.3.6 Other--Double Counting. None of the studies examined allocates 
regulatory costs for specific vehicle modifications to more than one regula- 
tion. This may be necessary where vehicle modifications may be attributable 
to more than one regulation. If costs are not distributed among the appro- 
priate regulations, double counting of costs will occur. 


The methodology of allocating costs incurred by industry in meeting more 
than one regulation, or to satisfy the desires of the marketplace, presents 

a difficult problem in analyzing the costs of the regulation. An interesting 
example is the Electronic Control Module (ECM) on model year 1981 cars, crit- 
ical for the optimal operation of the three-way catalyst (TWC). However, 
the ECM also increases the fuel economy of the car, and would be used on 
certain large models even if not needed to meet the exhaust emissions stand- 
ards. It is difficult to determine what percentage of the ECM costs should 
be allocated to emissions control regulations, fuel economy regulations, 
and the demand by the consumer for better fuel economy. In the studies we 


15 It is not clear how CC74 and CC79 treat maintenance costs. 
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examined, the full cost of the ECM (and other hardware devices with uses 
other than pollution control) is charged to pollution control. This simple, 
conservative allocation scheme for pollution control costs can cause prob- 
lems if it is followed for regulatory cost estimates for other regulations. 
The full amount of the ECM (or other hardware items) could be counted twice, 
once for pollution control regulations and once for fuel economy regula- 
tions. EPA has begun to make adjustments in its regulatory analyses to 
address this problem. 


We note here that simultaneously meeting more than one related regulation 
may not always result in cost savings. In fact, the sum of regulatory com- 
pliance costs for each related regulation may be less than compliance costs 
of meeting all the regulations simultaneously. This would occur if the com- 
pliance costs of each regulation are increased due to requirements imposed 
by other regulations. 


4.0 Costs of EPA and DOT Motor Vehicle Regulations 


4.1 Overview 


This section briefly examines the consistency and adequacy of regulatory 
cost analyses prepared by EPA for a variety of mobile source emissions con- 
trol regulations and by DOT for a variety of truck and automobile safety 
and fuei economy regulations. The regulatory proposals considered in this 
section of the report are listed in Appendix D. The previous section iden- 
tified several problems that limit the usefulness of cost estimates prepared 
since 1967 for EPA automobile emissions control regulations. This section 
attempts to show that these problems are not unique to cost estimates for 
EPA automobile emissions control regulations. Rather they also apply to 
many cost estimates for EPA and DOT regulations. 


Our analysis is limited to cost estimates for 50 pending !° regulatory pro- 
posals, of which 28 were at the NPRM stage, prepared by DOT and EPA and pro- 
vided to the U.S. Regulatory Council as of January 1981. These estima 
were used by the Regulatory Council to prepare the ,Automobile Calendar 

and a report on the status of regulatory analyses. Three of these fifty 
regulatory proposals considered here amend the automobile emissions control 
regulations reviewed in the preceding section. 


- Regulations which would have had a future effect or impact on the 


manufacture, sale, or use of automobiles, light duty trucks, and, in some 
cases, heavy duty trucks as of January 1, 1981. 


sid The Automobile Calendar: Recent and Pending Activities Affecting 
Motor Vehicles, prepared by ICF Inc. for the U.S. Regulatory Council, 
"Criteria for Selection and Calendar Scope," January 1981. 


. Assessing Regulatory Impacts: The Federal Experience with the Auto 
Industry, prepared by ICF Inc. for the U.S. Regulatory Council, March 1981. 
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4.2 Availability of Cost Estimates 


Complete cost estimates and detailed analyses are not available for most cf 
the EPA mobile source and DOT safety and fuel economy regulatory proposals. 
In fact, for the 50 regulatory proposals examined, “fairly complete" infor- 
mation was available for only 17 regulatory proposals. For the purposes of 
this paper, fairly complete cost information includes unit and aggregate 
costs to consumers and manufacturers. Of the 28 of the proposals that had 
reached the Notice of Proposed Rulemaking stage (NPRM), fairly complete 
information was available for 14, or 50 percent, of the proposals. Two of 
these were for automobile emissions control regulations. The results of 
our review are presented in Exhibit 4.1. No cost information is available 
for four, or 14 percent, of the regulatory proposals. Therefore, we dis- 
covered that comprehensive cost information had not been routinely identi- 


fied for either the DOT or EPA mobile source regulatory proposals we examined. 


EXHIBIT 4.1 


AVAILABILITY OF COST INFORMATION FOR 
EPA AND DOT REGULATORY PROPOSALS AS OF JANUARY 1981 


' 
| Fairly Not 
| Total Complete a/ Limited b/ Available 
| i 
| q 
No. . 2 2 No. % No. % 
t t 
| | | | 
| EPA | 21 100 | 7 | 33 c/ 6 | 29 8 38 
| | | | | | 
L | a, - | ia i | — 
' tT | | 1 q | | 
| | | | | | | | 
| por | 29 | 100 | 10 | 344/ 6 | 21 13 45 | 
Bowe cues Fae bet Bet SAgdt 7 
' + + + + | 7 | | 
| | | | | | | 
| TOTAL | 50 | 100 | 17 | 34 12 | 24 | 21 42 | 
| | ! ! | i | 


a/ Fairly complete cost information includes unit and aggregate costs 
to consumers and manufacturers. 

b/ Limited cost information implies that at least one piece of cost 
data is available but not the items necessary to meet the fairly 
complete definition. 

c/ One of these regulations is not expected to generate any costs. 

d/ The regulatory analyses for two of these regulations specify that 

they are not expected to generate any costs. 


GEST COPY AVAILABLE 164 


4.3 Status of Cost Estimates 


Although fairly complete cost information is available for 34 percent of 
the DOT and EPA regulatory proposals we have examined (50 percent if only 
NPRM proposals are considered), we have identified methodological problems 
or inconsistencies among the analyses that provide fairly complete informa- 
tion and the analyses of proposals for which partial data are available. 
We found that these problems make it nearly impossible for policy officials 
to compare the costs of each regulatory proposal or to assess the cumulative 
effect of the combined proposals on the automobile industry, consumers, and 
the economy. This section describes the methodological problems we have 
identified for: (1) manufacturers' costs estimates, (2) consumers' costs 
estimates and (3) assumptions affecting both manufacturers’ and consumers’ 
costs estimates. 


4.3.1 Manufacturers’ Costs Estimates 


4.3.1.1 Manufacturing Costs Components. Estimates of manufacturers’ costs 
are not available for 23 of the 50 cost estimates we examined, as can be 
seer. in Exhibit 4.2. Manufacturers' costs estimates are provided for 27 
regulations. 


EXHIBIT 4.2 


SUMMARY OF AVAILABILITY OF MANUFACTURERS' COST ESTIMATES 


' 
| Number of Regulatory Proposals Examined 
| Formal Proposal (NPRM) 
| 
| 


28 
Other (pre-NPRM) 22 


Total 50 


Number of Regulatory Proposals for which 27 
Manufacturers Aggregate or Unit Costs 


Estimates are Available 


Unit Cost Estimates Available 25 


Aggregate Cost Estimates Available 
One component 
Two Or more components 
Total 


Im a 


15 


‘Slee 2e; apiece: 
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For the purposes of this report, we have established five components of manu- 
facturers' costs: R&D, testing, administration, facility modification, and 
materials and labor (variable costs not passed on to the consumer) required 
by the regulatory proposal. Fifteen of the 27 cost estimates for which manu- 
facturers' costs are provided identify the costs associated with one or more 
components of the manufacturing processes. Of the 15 estimates that identify 
components of the manufacturers’ costs, 6 specify the cost of one component 
and 9 specify the cost of two or more components. 


4.3.1.2 Cost Allocations Problems--Double Counting. The manufacturers’ 
costs estimates that are provided are estimated for each regulatory proposal 
independent of other regulatory proposals. Estimating the costs of a regula- 
tory proposal without considering how producers will adjust their overall 
manufacturing operations to comply with other, concurrent regulations may 
result in "double counting” of the costs incurred by manufacturers. Re- 
tooling or redesign costs necessary to comply with two or more regulations 
may overlap. For example, individual regulations requiring the installation 
of automatic seatbelts and improvements in seatbelt comfort and convenience 
may be jointly incorporated in manufacturing adjustments. It is likely that 
manufacturers will adjust current operations in consideration of both reguia- 
tions at a single time to minimize the capital investments and other costs 
associated with each regulation. Since no adjustments are identified to 
offset possible "double counting," the cost estimates associated with a par- 
ticular proposal may not represent the additional cost solely attributable 
to that proposal. 


4.3.1.3 Consumer Demand. None of the cost estimates examined considers 
product modifications attributable to consumer demand. All cost estimates 
are based on the assumption that future product modifications are due solely 
to regulatory requirements and not to consumer demand. This assumption may 
significantly contribute to the overestimation of the actual manufacturer's 
costs which are attributable to regulations where manufacturers may alter 
product lines partly in response to consumer demand. An example of this is 
the growing market for small, fuel-efficient vehicles. In such a case, all 
manufacturer retooling costs necessary to manufacture small fuel-efficient 
vehicles cannot be attributed to the Federal fuel economy standards, since 
industry would incur some of these costs regardless of the regulations. In 
fact, General Motors does not include in its calculations of the costs of 
Government regulation any of the costs of hardware required to meet Govern- 
ment fuel economy standards, because it bejieves that the fuel economy 
improvements were driven by market factors. Another example may be growing 
consumer demand for safe vehicles due to an awareness of the potentially 
hazardous effects of unrestrained infant passengers. In such a case, all 
manufacturer retooling costs necessary to manufacture vehicles with child 
tether anchorages cannot be attributed to the Federal Child Restraint Systems 
regulation. Manufacturers may be responding to consumer demand as well as 
Federal regulation when they decide to install tether anchorages for child 
restraint systems. 


” 1981 General Motors Public [Interest Report, General Motors 
Corporation, p. 36, April 15, 1981. 
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4.3.1.4 Industry Homogeneity. Among the cost analyses we examined, dif- 
ferent assumptions concerning industry homogeneity are used. The assump- 
tion of industry homogeneity suggests that each manufacturer experiences 
Similar costs in meeting the standards. Implicit in this assumption is that 
each manufacturer uses approximately the same technology, has equivalent 
capacity for vertical integration, and confronts similar economies of scale. 
Only five EPA and three DOT analyses explicitly address this issue. Each 
alternatively attempts to estimate the costs incurred by each individual 
domestic manufacturer. These analyses either use information provided by 
manufacturers to estimate individual manufacturer capital costs, or weight 
the average industry cost estimates by historical manufacturer sales infor- 
mation to incorporate the possible impact on smaller, higher cost producers. 


4.3.2 Consumer Cost Estimates 


The unit (per vehicle) retail price increase for automobiles is the most 
common piece of cost information provided for the regulatory proposals we 
examined. Among the 29 EPA and DOT regulatory activities for which some 
cost information is available, 26 supply data on the estimated unit retail 
price increases. However, several inconsistent methods are used to develop 
these estimates. Furthermore, unit cost data are not provided for 24 regu- 
latory proposals. Two consumer cost estimates methodology problems are 
discussed below. 


4.3.2.1 Retail Price Markup Factor. For the majority of the 26 regulatory 
proposals with consumer cost information, the assumptions concerning retail 
price markups (how estimated manufacturer costs of compliance are passed on 
to consumers) are not available. Nine of the 15 regulations for which agency 
analyses are available provide information on the retail markup assumptions 
used. 


These nine analyses make a number of different assumptions concerning markup 
factors and how they are applied to the manufacturer's costs. Some analyses 
estimate only manufacturer's increases, while others include the dealer's 
margin in the price increase estimates. 


Two DOT analyses simply multiply all manufacturer costs by a single markup 
factor (1.58 and 1.43) to determine consumer costs. The derivation of these 
markup factors is not explained. The EPA analysis of test procedures for 
heavy duty vehicle evaporative emission standards applied a 100 percent 
markup on all control system components and no markup on facility invest- 
ment or certification costs. Other analyses distinguish between manufac- 
turer and dealer margins. In the DOT analysis of the rearview mirror stand- 
ard, a 100-percent markup is applied to all manufacturer costs, allocating 
75 percent of the markup for the manufacturer sticker price increase and 25 
percent for the dealer margin. Three other DOT analyses use a slightly more 
complex formula, whereby the product of the manufacturer's gross rate of 
return and the change in capital expenditures is added to the change in 
variable costs. This total, plus the dealer's margin, equals the retail 
price increase. Among these three DOT analyses the manufacturer's gross 
rate of return is estimated at 25 to 27 percent; the dealer's margin is 
assumed to be 25 percent. In two EPA analyses a total markup of 29 percent 
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was applied to account for the assumed 3-percent dealer profit, 12-percent 
manufacturer overhead, and 14-percent corporate profit. These latter esti- 
mates of corporate overhead and profit were derived by EPA from finaicial 
information on each corporation provided in Moody's Industrial Manual. 


4.3.2.2 Operation and Maintenance Costs. Consumer costs consist of two 
components--increases in the initial purchase price of the vehicle and Oper- 
ation and Maintenance (O&M) costs over the useful lifetime of the vehicle. 
O&M costs refer to the expenses associated with owning and operating a 
vehicle including the cost of fuel, repairs, and automobile insurance. In 
general, most EPA and DOT analyses indicated whether or not O&M cost savings 
or penalties would be incurred. The component of operating cost reductions 
that received the most attention was fuel savings. This section discusses 
the estimation procedures used for determining the reductions in fuel costs. 


Among the cost estimates we examined, four indicate fuel savings and, to 
varying degrees of clarity and detail, explain the methodologies an 4ssump- 
tions used in estimating fuel economy benefits. Two other analyses estimate 
increased fuel costs due to the regulations. 


Fuel savings estimates are presented in different units of measurement, which 
makes the assessment of cumulative fuel economy benefits or the comparison 
of fuel savings benefits across regulations more difficult. Fuel savings 
may be presented in dollars or in the amount of fuel (gallons or barrels) 
saved. Assumptions concerning gasoline prices must be made to convert 
gallons of gasoline saved into dollars saved. Fuel savings are also pre- 
sented both on a per vehicle basis or for the entire fleet. To convert these 
benefits into comparable units, the projected vehicle sales levels must be 
indicated. Finally, fuel savings are usually presented for the estimated 
useful life of the vehicle(s), although sometimes annual estimates are pro- 
vided. The assumptions that must be made explicit to allow the comparison 
of estimates are not usually provided in the various analyses. 


Factors that should be included in the estimation of future fuel consumption 
Savings or costs are the price of gasoline, the useful life of a vehicle, 
and typical usage pattern (vehicle miles traveled, and sales projections). 


Gasoline price assumptions used within various analyses are summarized in 
Exhibit 4.3. However, the grade or type of gasoline for which prices are 
identified is not always clearly indicated. Most analyses assume a con- 
stant price for gasoline over the lifetime of a vehicle. However, some EPA 
analyses project real fuel price increases by using a smaller discount fac- 
tor than the typical 10 percent. The use of a 5 percent discount factor 
was used in two EPA analyses as a means to approximate the effect of fuel 
prices rising at an annual rate of 5 percent over and above the general 
inflation rate. 
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EXHIBIT 4.3 


GASOLINE PRICE ASSUMPTIONS FOR SIX AGENCY 
ANALYSES WITH ESTIMATES OF FUEL 


SAVINGS/ COSTS 
Adjusted Price 

Gasotine of Gasoline (in Gasoline 

Price 1980 Calendar Price 
Reguistory Assumption Celendcsr Dotter Year in 1960 Oste of | Discount infistion 

Propose! (per gaiton) Year Yesr Dottars)ia) Analysis Rete 1 Rate 
lasavy Buty Evaporative 
Emission Stendards $1.00 in 1983 in 1980 $ $ .86 1960 10% st 
Fue! Economy Stendards 
For Mode! Year 19862 
Light Trucks $1. 14(c) in 1980 in 1979 $ $1.53 1980 10% 3% 
ry seous 


Esission Regulations 
for 196% end Leter 
Mode! Year Heavy-Duty 


Engines $1. 10(c) in 1979 in 1979 $ $1.56 1979 10% 5% 
upent Protection in 
interior Tepects $ .80 N/A(b) in 1979 $ -- 1979 10% st 


Fue! Economy Standerds 
for Mode! Year 1981- 
_— Passenger Cars $.65-.90 in 1980 in 1977 $ $.96-1.32 1977 10% os 


rai ise Stend- 
Gards for Medium and 


feseve tees he : 2010) _J sn 197i__j in 197} $ | __su.o¢ 1976) 10%, Se 


istenderd Devistion: er 4 i 


“ {#) “Gasoline Price Assumption” was infisted/defisted to the 1980 calender year wsing 
Gasoline Price inflation Rate. Prices were converted to 1980 dollars using the July to July incresse in the Consumer Price 
index for gasoline. 

(>) Mot eveitebdie 

(c) Price of uniesded gasoline 


(6) Price of heavy end sediue gasoline for trucks. 


If a comparison is made among gasoline price assumptions for 1980 adjusted 
to 1980 dollars, the prices range from $.86 a gallon to $1.56 a gallon for 
gasoline (see Exhibit 4.3). One analysis provided a year-by-year projection 
of variable, increasing gasoline prices. The DOT analysis of model year 
1982 light truck fuel economy standards estimated the average price of un- 
leaded gas in 1980 at $1.14/gallon (1979$) based on a 20-percent real price 
increase over 1979. This price was then adjusted to increase at an annual 
rate of 3 percent over and above the inflation rate. 


The two DOT analyses of fuel economy standards estimated the incremental 
savings over the current fuel economy standard. A multiplier was used to 
account for the difference between the EPA estimated MPG and the actual on- 
road fuel economy. Both analyses assumed the actual on-road fuel economy 
was 11 percent lower than the EPA estimated. The lifetime savings per 
vehicle were adjusted for projected production levels of the affected model 
year vehicles to obtain aggregate fuel savings. In other analyses of fuel 
savings or costs, the lifetime per vehicle gallon or dollar savings (or cost) 
due to changes in technology or vehicle weight were usually estimated by 
agency or industry engineers. The assumptions and methodologies used are 
not always specified. 
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4.3.3 Assumptions Affecting Both Manufacturers’ Costs and Consumers’ 
Costs Estimates 


The demand for new automobiles (sales) affects both the costs and benefits 
of a regulation. Both total costs and unit costs to manufacturers and con- 
sumers depend upon: 1) the cost of manufacturing the affected model ve- 
hicles in sufficient numbers to meet consumer demand; and 2) the direct cost 
of consumers’ unwillingness or inability to purchase vehicles at the higher 
retail prices caused by the regulatory requirements. This section summarizes 
the assumptions and availability of estimates of sales levels used to 
estimate costs. 


4.3.3.1 Sales Projections. Information on the sales levels used to esti- 
mate costs is available for only 16 (32%) of the 50 EPA and DOT regulatory 
proposals examined. The source or methodology used to estimate sales levels 
is provided in agency analyses for only 11 of the 16. Although they are 
critical to many cost estimates, we have not attempted to address here the 
assumptions used for sales projections by vehicle characteristics including 
weight and fuel economy. However, inconsistent fleet mix assumptions can 
be identified among yerious analyses as well as within components of an 
individual analysis. The sales projections used to estimate costs are 
usually developed using the following methods: 1) sales are set equal to a 
base year; 2) projections are developed using statistical techniques and 
econometric models; and 3) sales projections are based on estimates supplied 
by manufacturers. 


EPA regulatory analyses typically (that is, four out of six) apply a linear 
regression technique to historical motor vehicle registration or sales data 
to predict future years’ sales. In some EPA analyses, after linear trends 
are determined for a general vehicle type, historical manufacturer production 
ratios are applied to determine the fleet mix (for example gas vs. diesel, 
or size class). One EPA analysis further modifies this procedure by ad- 
justing historical ratios with intuitive or rational judgments concerning 
the state of the economy and other Government policy impacts. 


Only one agency impact assessment explains the projection of sales through 
a formal analysis of the determinants of supply and demand. This DOT analy- 
sis of fuel economy standards for passenger cars uses an econometric model 
(the Wharton EFA Motor Vehicle Demand Model) to predict the long-run equilib- 
rium level of automobile demand. Various demographic and economic factors 
are included in the analysis to describe the relationship of certain vari- 
ables such as average family size, average age of the population, real in- 
come, and scrappage rates with the demand for automobiles. In addition, 
price elasticity information is used to predict future sales. However, it 
should be noted that the assumptions used to prepare this analysis in 1977 
need to be updated to present accurate estimates given changes in the 
economic environment and shifts in consumer vehicle demand. 


” See ICR Incorporated letter of April 20, 1981 to Department of 
Transporation; Re: Preliminary Regulatory Evaluation, Amendment to FMVSS 
No. 208, Safety Belt Comfort and Convenience, Department of Transportation, 


October 1971. 
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The various sales projections used in the agency analyses are provided in 
Appendix B. With two exceptions these sales projections are not consistent. 
Two two exceptions are EPA analyses of gaseous emissions standards for heavy 
duty engines and particulate regulations for heavy duty diesel vehicles. 
Variation in the sales projections are observed for three vehicle types: 
light duty vehicles, light duty trucks, and heavy duty gasoline-powered ve- 
hicles. The sales projections for model year 1982 light duty vehicles range 
from 10.1 million to 11.8 million, representing a difference of 17 percent. 
The sales projections for model year 1983 light duty trucks range from 2.5 
million to 3.2 million, representing a 30 percent difference. The most 
Significant difference found was in the projections of sales for heavy duty 
gasoline vehicles. In the EPA analysis of heavy duty evaporative emissions 
standards and procedures. gasoline-powered heavy duty vehicle sales were 
estimated to grow at a rete of '.6 percent; the analysis of gaseous emissions 
for 1984 and later model year heavy duty engines estimated the sales rate 
for heavy duty gasoline-powered vehicles to be -2.0 percent for a comparable 
future time period. It should be noted that the analyses we examined were 
prepared at different times based on different perceptions of future sales 
levels. 


4.3.3.2 Consumer Response to Prices. Most cost estimates are not based on 
sales projections that explicitly identify the effect of higher prices on 

consumer demand. The price increases result in reduced sales and losses to 
the manufacturers and distributors of automobiles. Most analyses assume 

that lost sales due to increases in retail prices are negligible. 


Sales projection methodologies do not usually make use of supply/demand 
equilibrium notions. Therefore, manufacturers’ and consumers" cost esti- 
mates are based on future sales levels that were projected without explicit 
consideration of the change in demand due to the increases in retail prices. 
The cost of lost business, if mentioned, is also generally not included in 
total industry costs. However, many of the analyses we examined indicate 
that sales lost due to the increase in retail prices are negligible relative 
to total sales. 


For six regulatory activities, estimates of price elasticities (measurements 
of the change in demand due to change in price) are available. Three analy- 
ses of EPA regulations affecting heavy duty and light duty trucks use a 
demand price elasticity figure based on an equilibrium price/quantity impact 
model developed for EPA's Office of Noise Abatement Control. The price 
elasticity of demand for all new trucks was estimated to be in the range of 
-.9 to ~.5; these three analyses used a midrange value of -.7 and assumed 
this price elasticity of demand for all new trucks (such as heavy duty gas, 
heavy duty diesel, light duty) affected by the regulation. The draft analy- 
sis of EPA interim high altitude standards for light duty vehicles and trucks 
provided a price elasticity of ~-.35 for model years 1982 and 1983. There 
is no reference to a source. It is also not clear whether these are long 
or short term price elasticities. The DOT assessment of fuel economy stand- 
ards for passenger cars used a first year price elasticity of -1.52 based 
on the Wharton EFA Motor Vehicle Demand Model. Thus, this DOT analysis 
assumes that changes in retail prices have a stronger impact on consumer 
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demand for passenger cars than the draft EPA analysis of interim high alti- 
tude standards assumes for light duty vehicles. Furthermore, this DOT analy- 
sis, unlike all others, utilized the concept of “net price elasticities.” 
This concept, as defined in the analysis, refers to the behavior of consumers 
who postpone purchases for only a year or two and then return to the market. 
Therefore, instead of a constant price elasticity of demand, an annually 
increasing price elasticity was used for four sequential model years. 
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5.0 Emissions Control R&D and Federal Regulations 


5.1 Overview 


This section examines the impact of Federal emissions control regulations 
on innovation in the automobile industry. For the purposes of this paper, 
we will examine the impact o* Federal regulations on the manufacturers of 
automobiles. We have not included the impact on parts manufacturers or parts 
and materials suppliers in our investigation. 


There is little disagreement that Federal mobile source emissions control 
regulations required manufacturers of automobiles to undertake large invest- 
ments over the last decade that they would not have otherwise made. Corpo- 
rate executives have testified on many occasions that the costs of Govern- 
ment regulations place a great burden on their corporations, and furthermore 
that the costs of auto emissions controls account for a large share of the 
total costs of Federal regulations. For exampie, General Motors has indi- 
cated that expenditures for auto emissions controls accounted for about 33 
sige 9F $719 million of the cost of Government regulation to that company 
in 1 ; 


A review of production specifications since the early 1960s clearly reveals 
that automobile manufacturers introduced emissions control systems in 
response to Federal regulations. The legislative history of the Clean Air 
Act Amendments explicitly indicates that Federal mobile source emissions 
control legisjation was designed to force industry to develop low emissions 
automobiles. The first federal regulations were promulgated in 1966 for 
1968 and 1969 model year vehicles. Emissions control regulations have become 
progressively stricter through model year 1981. In response to the in- 
creasingly stringent regulations, emissions control systeiws evolved from 
various types of simple engine modifications in 1968 (calibrated carburetors, 
spark-timing and temperature control, and air intake preheaters) to sophis- 
ticated mechanical and electronic devices (three-way catalysts with sensors) 
in 1981. 


There is little conclusive evidence to indicate when various automobile emis- 
sions control technologies were first developed and available for mass pro- 
duction. The Congressional record since early 1970 demonstrates that EPA, 
Congressional committees, independent foundations, and automobile industry 
representatives frequently disagreed concerning the state of technological 


" 1981 General Motors Public Interest Report, General Motors Corpora- 
tion, April 15, 1981. 


- See for example, Clean Air Act Amendments of 1976, Report by the 
Committee on Interstate and Foreign Commerce, Section 202 and 203 - Exten- 
sion of Transportation Controls and Light Duty Emission Standards Committee 
Proposal, May 15, 1976. 
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development and the future feasibility of emission control technologies.*> 
Without access to the engineering reports and product development evalua- 
tions prepared by the major automobile manufacturers, it is not possible to 
identify precisely when emissions control technologies were (1) first devel- 
oped, (2) ready for mass production, and (3) capable of meeting the pre- 
scribed emissions levels over the useful lifetime of the equipment. Without 
this information, it is difficult to link industry technological develop- 
ments and the evolution of Federal regulatory standards. 


However, it is possible to identify the level of resources committed to R&D 
for emissions controls technology by the domestic automobile industry since 
1967. If we make the reasonable assumption that the level of R&D expendi- 
tures is related to the rate of technological innovation, then we can compare 
the level of R&D expenditures--a proxy for technological innovation--with 
the promulgation of Federal emissions standards. That is, if we are hypoth- 
esizing that strict Federal standards (or the expectation of strict Federal 
standards) induced or "forced" technological development, we should be able 
to test this hypothesis by tracking the level of industry R&D expenditures 
over time against the chronology of expected and actual Federal emission 
standards. 


The legislative history since 1966 suggests that there were two periods when 
political and legislative developments indicated that the automobile industry 
expected that Federal emissions stands ds would not be modified to require 
stricter controls or new technologies. If the automobile industry in these 
two periods did indeed expect that future emissions regulations would not 
be “technology forcing,” then we should observe a significant decrease in 
R&D expenditures for emission control during these periods. There were also 
two periods when political and legislative developments indicated that the 
automobile industry expected that strict Federal standards would be promul- 
gated. If the automobile industry in these two periods did expect that 
future emissions regulations would be "technology forcing," then we should 
observe a significant increase in R&D expenditures for emissions controls 
during these periods. 


We note that there are other factors that may have influenced investments 
in emissions control R&D, including: market demand, foreign competition, 
and fuel prices. Our analysis does not attempt to isolate these factors. 
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For examples of different opinions concerning the ability of domestic 
manufacturers to meet Federal emissions tandards, see Report of the Con- 
ference on Air Quality and Automobile Emissions, National Academy of 
Sciences, June 5, 1975, p. 1; Decision of the Administrator, U.S. Environ- 
mental Protection Agency, March 5, 1978, p.8; and the Ford Motor Company 
Testimony of March 1975 before the Committee on Interstate and Foreign 
Commerce. 


” See Retrospective Analyses of Cost Estimates for EPA Automobile 


Emissions Control Regulation: 1970 to 1981, Appendix D, ICF Inc., May 1981. 
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5.2 Legislative History 


The Department of Health, Education, and Welfare (HEW) promulgated Fedexal 
exhaust emission standards for 1968 and 1969 model years in June 1968. 

In the 1950s, the industry was investigating approaches to exhaust emissions 
controls. From 1957, £0,.1964 considerable work had been conducted on the 
catalytic converter. However, work appeared to stop in 1964 when it 
became evident that engine modifications and air injection approaches were 
adequate to meet the anticipated Federal standards. Serious efforts were 
not resumed until 1969 when hearings on the 1970 amendments proceeded and 
stricter standards became imminent. In 1969, Gegeral Motors announced plans 
to reinstate its catalyst development program. By November of 1970 (35 
FR 17288), HC and CO emissions standards were promulgated for model years 
1972 through 1974. NOx emissions standards were first promulgated in June 
of 1971 for model years 1973 and 1974. These standards were more stringent 
than the standards promulgated for earlier model years After a lull in 
Federal regulatory activity culminating in reductions ir emission control 
R&D activities (starting in 1964), it became apparent in 1970 that strict 
Federal emissions regulations would once again be promulgated. We would 
expect to see increases in expenditures for emissions con:irol R&D in the 
manufacturers’ part year 1970 budget and their full year 1971 budget. 


Prior to the passage of the 1970 Amendments to the Clean Air Act, exhaust 
emissions standards were set on the basis of “economic and techgical feasi- 
bility" as required under the Clean Air Act Amendments in 1965. That is, 
the standards applicable to model years 1970 to 1974 were based on control 
levels that could be achieved through the application of current technology 
requiring little new R&D. Standards were promulgated, in effect, as the 


2> See 33 FR 8304, June 4, 1968. 


* U.S. Congress. Senate. Committee on Public Works. Air Pollu- 
tion - 1967 (Air Quality Act), Hearings Before the Subcommittee on Air and 
Water Pollution on S. 780, Parts 2 and 4. 90th Cong., Ist Session, 1967. 


id U.S. Congress. Senate. Committee on Public Works. Implementation 
of the Clean Air Act - 1975, Hearings Before the Subcommittee on Environ- 
mental Pollution, Parts 3-4, Serial No. 94-H10. 94 Cong., Ist sess., May 
1975. 


” U.S. Congress. Senate. Committee on Public Works. The Impact of 
Auto Emission Standards, Report of the Subcommittee on Air and Water Pollution. 


29 


See 36 FR 12652, June 29, 1971. 


” The 1965 Amendments to the Federal Clean Air Act gave the Secretary 
of Health, Education, and Welfare the authority to control emissions from 
motor vehicles. This authority was transferred to the Administrator of the 
U.S. Environmental Protection Agency in 1970. 
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control technology became available. Therefore, the mandated levels of con- 
trol of mobile source emissions were based primarily on existing technologi- 
cal capabilities and did not require major R&D initiatives preceding 1970 
model year production. 


In 1970, however, Congress abandoned the “technical and economic feasibility” 
approach and set emissions levels for 1975 and 1976 model years based instead 
upon what was considered to be the level of control needed to insure the 
attainment of health-related air quality levels determined by the National 
Air Pollution Control Administration of the Department of Health, Education 
and Welfare. Although the 1970 Amendments did not specify (or did not direct 
the EPA Administrator to specify) the type of control technology to be 
developed to meet the 1975 and 1976 standards, the requirements of the 1970 
Amendments did compel industry to accelerate research and development activi- 
ties in the area of emissions control. To this extent, the requirements of 
the 1970 Amdnements were intended to be "technology-forcing.” The time 
period by which the standards were to be met was based upon consideration 
of the lead time requirements of industry. The pace of technological, 
development between 1970 and 1973 was reported by EPA to be promising. 


EPA issued standards reflecting the 1970 Amendments ' legislative mandate 
for 1975 and 1976 models in July of 1971. However in April of 1973, the 
EPA Administrator granted the first l-year suspension of the 1975 standards 
and established interim standards. Furthermore, in 1973, Congressional 
hearings were held to consider suspension of the 1976 NOx standard as 
Congress considered the need for fuel economy initiatives. In July of the 
Same year, suspension was granted for the 1976 model year standards. We 
would expect to see increases in manufacturers expenditures for emissions 
control R&D in manufacturers’ part year 1973 R&D budget and full year 1974 
budgets. 


In 1975, the EPA Administrator recommended a delay until 1982 for meeting 
the more stringent (.41/3.4/2.0) standards based on the potential adverse 
health impact of sulfate emissions. He further recommended extending the 
19°, interim standards in effect until 1979. Shortly after the Administra- 
cor s recommendation, industry asked for a 5-year freeze on the standards 
at the 1975 interim levels. Industry representatives argued that this so- 
called "productive pause" was necessary to allow manufacturers to focus 
attention on fuel economy improvements, to re-evaluate the sulfate emissions 
problem, to restore jobs in the automotive industry, to slow down inflation 


" U.S. Senate, Report of the Committee on Public Works to Accompany 


S. 4358 National Air Quality Standard Act of 1970, p. 27, September 1970. 


- U.S. Environmental Protection Agency. Automobile Emission Con- 
trol - The Technical Status and Outlook as of December 1974. National Tech- 
nical Information Service Pubn. No. 217-116. February 1973. 


” U.S. Environmental Protection Agency. Automobile Emission Con- 


trol - The Technical Status and Outlook as of December 1974. National Tech- 


nical Information Service Pubn. No. 250-691. January 1975. 


a See 36 FR 1257, July 2, 1971. 
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by holding down the cost of automobiles, and to investigate alternate emis- 
sions control systems or engines which conld in the long run more effectively 
and efficiently reduce HC/CO/NOx emissions than could the current technology. 
In 1976, Congress was expected to pass amendments to the Clean Air Act which 
would delay the emissions requirements at least through 1978. However, a 
filibuster in the Senate prevented passage and Congress adjourned without 
the legislation. At this point, the promulgation by EPA of regulations re- 
quiring emissions control systems beyond the level of current technology 
appeared doubtful. Therefore, as early as 1974 the industry was not expec- 
ting EPA to promulgate regulations requiring emissions control technologies. 
We would expect this to have a significant impact on the industry's plans 
for R&D activities after 1975. 


In August 1977 Congress amended the Clean Air Act. The 1977 standards were 
held over through 1979; the standards for 1980 and 1981 were established. 

In fact, the 1981 HC and CO standards were established at the stringent 
levels originally promulgated for model year 1975 in 1971 following the 1970 
amendments. Therefore, by the late 1970s, it became clear once again that 
industry would be required to meet strict model year 1980 and 1981 standards. 
The actions taken by Congress in 1977 would have a significant impact on 
the industry's 1978 plans. 


The legislative history outlined above identifies two periods in which it 
appeared that Federal regulations would not require technological innovation 
(R&D) and two periods when it appeared that Federal regulations would require 
technological innovation, as summarized in Exhibit 5.1. 


> On August 7, 1977, the Clean Air Act Amendments of 1977 were signed 
(PL 95-95). Emissions standards for model years 1978 through 1982 were pub- 
lished on August 11, 1977 (42 FR 40697), August 24, 1978 (43 FR 37972), 
September 25, 1978 (43 FR 43299), and December 7, (978 (43 FR 57253). 
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EXHIBIT 5.1 


EXPECTATIONS FOR FUTURE EMISSIONS CONTROLS REGULATIONS 
AND INVESTMENTS IN R&D FOR EMISSIONS CONTROLS 
1964 TO 1980 


i 7 1 


} 
Expected Level 


Industry Expectations of Investment , 
for Future Emissions in Emissions 
Period Control Regulation _ Control R&D 
Period I /|1964-70 status quo low 


; | stricter standards 
‘Period II {1971-73 (technically and high 


economically feasible) 


4 
Period III 1974-77 status quo low 
Period IV 1978-80 stricter standards high 


(technology forcing) 


Furthermore, Congress adopted a strong "technology forcing" policy with the 
1970 Amendments to the Clean Air Act. We would, therefore, expect to see a 
more substantial R&D effort after the promulgation of regulations imple- 
menting the Clean Air Act Amendments of 1970 (Periods II, III and IV) than 
before theirc promulgation (Period I). 


5.3 R&D tb» aditures 


This section presents estimates of total R&D expenditures by domestic auto- 
mobile manufacturers from 1967 to 1981 and the component of those expendi- 
tures dedicated to emissions controls. These estimates were derived pri- 
marily from industry data provided to EPA or presented in company public 
interest and financial reports. Our estimates of emissions controls research 
and development expenditures do not include expenditures for facilities and 
tools and do not include industry expenditures for “lobbying" or public 
policy development activities. R&D expenditures estimates are summarized 

in Exhibit 5.2 along with other measures of the manufacturers’ commitment 

to R&D expenditures for emissions controls. The data summarized in Exhibit 
5.2 are presented in Exhibit 5.3. 
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EXHIBIT 5.2 
(SAME AS EXHIBIT 2.3) 


SUMMARY OF R&D EXPENDITURES FOR EMISSIONS CONTROLS BY 
DOMESTIC AUTOMOBILE MANUFACTURERS* 
FROM 1967 TO 1980 


y | Actual Annual (Expenditures 
Average for 
Expected Expenditures | _ Emissions 
Level of for Emissions Controls 
Investment Control R&D R&D as a 
in Emissions (millions of Percentage | 
Period Control R&D 1980S) of Sales 
i 
‘Period I (1967-70%* low 186 0.2 | 
Period II 1971-73 high 571 0.5 | 
Period IiI 1974-77 low | 559 0.4 
Period IV 1978-80 high i 672 0.5 


i 
— — . = — 


*General Motors Corporation, Ford Motor Company, Chrysler 
Corporation, American Motors Corporation. 


“* We were not able to prepare estimates for 1964 through 
1966. 


The data presented in Exhibit 5.2 tend to support our hypothesis. For the 
two periods for which we anticipated a low level of investment in emissions 
R&D (Period I prior to 1971 and Period III, from 1975 to 1977), we observe 

a relative decline in emissions control R&D expenditures. The annual average 
expenditures for these two periods are $186 million and $559 million respec- 
tiveiy. This is lower than the level of investments following and preceding 
each of these periods. The decline in emissions controls R&D expenditures 
from Period II to Period III was not dramatic--abovt ¢ percent. However, 
the increases in R&D expenditures over the prior per.ods in Period II and 
Period [V were dramatic--300 percent and 20 percent respectively. 
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DOMESTIC AUTOMOBILE MANUFACTURERS* 


EXHIBIT 5.3 


R&D EXPENDITURES FOR THE 


1967 TO 1980 


(millions of 1980 dollars) 


Period I Period II ' Period III Period IV | 
1967 to 1970 1971 to 1973 1974 to 1977 1978 to 1980 
Year 67 68 69 70 ~~. = 3 1 1% 75 ' 76 77 78 79 80 
Total R&D 1,812 {1,996 | 2,187 | 2,315 | 2,856 3,713 | 4,326 4,066 | 3,154 | 3,558} 4,011) 4,408] 4,641] 4,245 
Emissions 110 142 214 276 4oi 519 732 546 596 561 531 638 7% 643 
Control R&D 
Emissions Con- 
trol R&D as a) 
Percentage 
of Sales .12 -13 21 .32 &3 44 .57 .50 . 46 35 35 41 52: “eo 
{ 
4 SS ee ee | oe Sew = i_ 


“Aggregate estimates based on estimates for General 
Motors Corporation. 


Source: 


Author's estimates based on: 
the Statutory 4.0 NOx Standard. 
1975; 


Protection Agency, May 9, 


1981; 


Motors Corporations, Ford Motor Company, Chrysler Corporation, and American 


A Review of the Good Faith of the Automobile pngust ry in Attempting to Comply With 


A Report to ‘the ‘Senate Public WwW Works * committee, 
1981 General Motors Public Interest Report, 


Financial Characteristics of Motor Vehicle and Equipment ! Manufacturers, 


Congress, U.S. Environmental 
es ‘Motors Corporation, April 15, 


Information Handbook, (1981 Edition), 


Motor Vehicle Manufacturers Association of the United States, Inc., February 1981; 


Ward's Communications, 


Inc., 1971; company Annual Reports on Form 10-K and Annual Reports (1967, 


WARD's 1971 Automotive Yearbook, 


1968, 


1969, 


1980). 


We examined R&D expenditures as a percentage of sales to determine if R&D 
expenditures were correlated to the business cycle or sales trends. If our 
hypothesis is valid, we should also observe increases in R&D expenditures 
as a percentage of sales in Periods II and IV. This would indicate that 
R&D expenditures represented a larger proportion of available resources in 
these two periods independent of total sales levels or fluctuations. Emis- 
sions R&D expenditures as a percentage of sales increased in periods II and 
IV and decreased in periods I and III. This indicates that the domestic 
industry committed less of its available resources to emissions R&D) in 
periods I and III when it did not anticipate further increases in Federal 
emissions control regulations, and more in periods II and IV when it did 
anticipate further increases in Federal emissions control regulations. 


As anticipated, annual average emissions control R&D expenditures during 
the low activity phase in Period I (prior to the 1970 Clean Air Act Amend- 
ments) were significantly lower than during the low activity phase in 
Period III. This reflects the change of policy in the 1970 Clean Air Act 
Amendments from standards based on available technclogy to standards de- 
signed to force technological innovation. After the 1970 Clean Air Act 
Amendments, annual average expenditures for emissions control R&D were $586 
million. This is three times greater than the annual average expenditures 
for emissions control R&D from 1967 through 1970 of $186 million. This 
represents an increase in the percentage of sales dedicated to emissions 
controls R&D from 0.2 percent to 0.5 percent. 


5.4 Comments 


The pattern of estimates of expenditures for emissions control research and 
development activities by domest:ic automobile manufacturers since 1967 tends 
to support our hypothesis--that Federal emissions control regulations induce 
investments in R&D activities which lead to technological innovation. There 
are three analytical points that we would like to highlight. 


First, this analysis does not address R&D conducted by automobile parts manu- 
facturers and suppliers. Firms that provide emissions control syiitems to 
the four large automobile manufacturers conduct research and development 
activities leading to technological innovation in materials sciences, produc- 
tion methods, and component design that are applicable to many industries. 
The effect of Federal regulations on these parts manufacturers and parts 
suppliers should be addressed to provide a complete assessment of the effect 
of Federal emissions control regulations on technological innovation. 


Second, automobile manufacturers frequently contract with other companies 
and institutions for research and development activities. It is not 
unusual for these outside contracts to account for as much as a third of a 
company's total annual emissions control expenditures. This analysis ad- 
dresses only expenditures for R&D conducted by the automobile manufacturers 
themselves. It does not include expenditures for R&D contracts witn other 
firms or institutions. 


Third, this analysis is based on data developed by the automobile manufac- 


turers. We have not confirmed the manufacturers’ estimates based on an 
independent review. 
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APPENDIX E 


SUMMARY OF SALES PROJECT IONS 
BY MODEL YEAR AND VEHICLE TYPE 


SUMMARY OF SALES PROJECTIONS BY MODEL YEAR AND VEHILCE TYPE 


APPENDIX B 


(millions of vehicles) 


Vehicle | 
Type | Agency 
Lignt 
Duty DOT 
Ver les 
DOT 
L 
} 
EPA 
| 
DOT 
DOT 
| 
— — _ 
L iaqht | 
Duty | DOT 
Trucks 
| FPA 
| 
| 
1/These are 
additional costs 


2/tstimate 


| 
fume a one 
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Regulatory Activity 
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dards for 
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gh 
sion 
Lignt 


ids of Direct 


Fue! 
dards for 
Year 1982 
Truc ks 


Mode | 
Light 
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Light 
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(continued) 


YEAR AND VEHILCE TYPE 
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Federal Refueling Hydrocarbon Control Requirements 
Fuels and Fuels Additive 
Heavy-Duty Diesel Particulate Regulations 
Heavy-Duty Evaporative Emissions Standards and Procedures 
High Altitude Emission Standards Beginning with 1984 Models 
High-Altitude Performance Adiustment: 
Hi ind CO Gaseous Emissions Regulations for 1984 and Later Mode! 
Heavy-Duty Engines 
HC and CO Gaseou Emissions Regulations for 1984 and Later Model 
Light-Duty Trucks 

Interim (1982-8 High-Altitude Emission Standards tor Light-Du 
vehi l¢ 

Light-Duty Diesel Particulate Regulations 

4 i les of Nitrogen Demonstration Car Standard 

cides of Nitrogen Emission Regulations for 1985 and Late Mode! 
Light-Duty Truck ind Heavy-Duty Engine 
Short Test for Ekmissi¢ warranties: 
kimi ion Control Design and Detect Warranty 

Federal Ne e Standards tor Medium and Heavy Trucks (198. 
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Importation of Motor Vehicles and Motor Vehicle Engines 


Nonconformance Penalties for 1984 and Later Model Year Heavy-Duty 
Engine Emissions 


Commercial and Industrial Use of Asbestos Fibers 
DOT Regulatory Activities 
Minimum Cab Space Dimensions 
Rear Underride Protection 
Automatic Occupant Protection 
Battery Explosions 
Brake System Inspectability 
Child Restraint Systems 
Child Restraint Tether Anchorages 
Confidential Business Information 
Crashworthiness Ratings 
Door Locks and Door Retention Components 
Extension of Automatic Restraint Requirements 
Fields of Direct View 
Fuel Economy Standards for Model Year 1981-84 Passenger Cars 
Fuel Economy Standards for Model Year 1982 Light Trucks 
Fuel Economy Standards for Model Year 1983-85 Light Trucks 
Heavy-Duty Vehicle Brake Systems - Long Range Policy 
Hydraulic Brake Systems 
Improving Comfort and Convenience of Seat Belt Assemblies 
Multipiece Rims on Trucks and Buses 
New Pneumatic Tires - Passenger Cars 


Occupant Protection in Interior Impacts: Impact Protection for the 
Driver from the Steering Control System 
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